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J Schafer & Associates, Inc. 865 Technology Blvd.
(406) 587-3478 P-O. Box 6186

FAX (406) 587-0331 Bozeman, MT 59715

February 3, 1995

r T HDepartment of State Lands
Hardrock Mining Bureau F E B n r 100 c
1625 Eleventh Avenue u J Iysi)

Helena, Montana 59620 STA I C.

Dear Pat:

Enclosed are two copies of Water Quality Data Report No. 6 summarizing the
results of the second post-reclamation water sampling data at the W.R. Grace vermiculite
mine near Libby. Data for this report was collected September 19, 1994. Please forward
one copy of the report to Tom Reid at the Water Quality Bureau for their files.

The data for this report are similar to that we have been reporting in previous
reports. If you recall, our last report was the first that showed all data below the values
for the drinking water standard including the analyses for asbestos and fluoride, the two
components which have historically been above or near the drinking water standard. For
the latest sampling, we collected one sample from Lower Rainy Creek with asbestos at
about 25.0 million fibers per liter (MFL). The standard is 7 MFL. However, our replicate
sample was from this same location and analyzed only 4.6 MFL. The asbestos analysis
has always shown less reproducibility between replicate samples than the other analyses
but this is poorer agreement than we're used to seeing. So, there is some question
regarding the analysis or sampling for this particular sample. In any event, the data does
not change any of the basic conclusions we have drawn regarding asbestos in Lower
Rainy Creek.

The fluoride analysis was also up slightly in the tailings dam toe drain sample after
showing a trend of slowly declining values. However, I note that the drinking water
standards were updated in July, 1993 and the standard for fluoride was one of those that
changed. The new standard is 4.0 mg/L F. All of our samples have been below this
value since we began sampling in 1991.

If you have any questions regarding the report please call. Our next planned
sampling event is in the fall of 1995. At that time we would like to review the status of
the water quality in the study area to determine whether continued monitoring will be
required.

Tom Hudson
Project Manager

Environmental Solutions for Water, Waste, and Land.
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1.0 BACKGROUND

The W.R. Grace vermiculite mine near Libby, Montana was closed in the fall of
1990. As part of the reclamation and closure, particularly as it applies to areas around
the tailings impoundment. W.R. Grace submitted to the Water Quality Bureau a proposed
Water Quality Monitoring Plan in September, 1991 (Schafer and Associates, 1991). The
purpose of the Plan was to establish post-closure water quality data as a means of
monitoring the performance of facility reclamation measures.

The plan called for water sampling at several locations in the Rainy Creek drainage
as shown on Figure 1.1. Contingent sampling on the Kootenai River was proposed if
initial data on Rainy Creek indicated a significant potential health concern. Four
sampling campaigns were proposed for the first year to characterize pre-reclamation
water quality conditions and assess seasonal variations in water quality. Additional
annual sampling campaigns for a minimum of three years following closure were also
proposed. The first sampling event took place in mid-November, 1991, the second in late
March, 1992, the third in early July. 1992 and the fourth in late October, 1992. Results
from these pre-reclamation sampling events were reported in Water Quality Data Report
No. 1, No. 2, No.3 and No. 4, respectively (Schafer and Associates, 1992 a.b.c and 1993).
Data from these sampling events indicated that fluoride was slightly above the drinking
water standard in effect at that time (2.0 mg/1 F) in the tailings dam toe drains. However,
drinking water standards were updated in July, 1993 and the standard for fluoride was
one of those that was changed. The new standard is 4.0 mg/1 F, a value which has never
been exceeded in any of the samples taken to date.

Asbestiform fibers were also above drinking water standards in Lower Rainy Creek.
Although Carney Creek carried fibers potentially attributable to mine waste dumps and
Fleetwood Creek carried fibers which appear to be of natural origin, neither tributary
could account for the quantity of fibers found in Lower Rainy Creek. It was concluded
that the Lower Rainy Creek streambed was the source of the high asbestiform fiber count
and that this was probably the result of old mining practices which discharged tailings
directly into the drainage without prior settlement.

Facility demolition and reclamation activities were completed in 1992 and early
1993. In October of 1993 the first of the post-closure water sampling campaigns was
completed. That sampling event produced the first occasion for which all samples
including fluoride and asbestiform fibers were lower than the drinking water standard.
This report is the second of the post-closure water quality reports summarizing data from
water samples collected September 19, 1994.
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2.0 METHODS

Weather at the time of sampling was partly cloudy and mild. Temperatures ranged
from 65° F to 85° F. The tailing pond surface water was restricted to the upper half of the
impoundment. At the time of sampling there was no surface water discharge from the
impoundment through the new concrete spillway which was built in the spring of 1993.
However, W.R. Grace personnel reported that there was sufficient spring runoff for the
channel to flow briefly earlier in the year.

Sampling methods were outlined in the Water Quality Monitoring Plan (Schafer
and Associates, 1991) submitted in September, 1991 and modified slightly in the field as
described in Water Quality Data Report No. 1 (Schafer and Associates, 1992). For the
post-closure sampling, modifications were made to the initial plan to reduce the number
of samples and the analyses performed on them based on the results of baseline
sampling. These changes were outlined in a letter to DSL dated January 13, 1992
accompanying Water Quality Data Report No. 4. The revised sampling plan concentrated
on the fluoride and asbestiform fibers in Lower Carney Creek, toe drains and surface
discharge from the tailings impoundment, and Lower Rainy Creek. Since elevated metal
concentrations were not detected in baseline sampling, metal analyses were removed from
the analytical list. DSL agreed to the suggested changes and recommended that annual
post-closure sampling take place each year in the fall of the year during base flow.

During the past year the routing of Carney Creek was altered to divert its flow into
the small pond below the tailings impoundment. This pond was previously used as a
reservoir for a process water pump station. Carney Creek had been flowing into a small
sediment trap, then through a culvert into Rainy Creek just below the reservoir. The
rerouting required that the sampling location for Lower Carney Creek (SW-4) be relocated
upstream about 100 feet.

The preservation techniques and analytical methods used are summarized in Table
2.1. All samples were stored and shipped on ice.

2 - 1



Table 2.1. Summary of sampling and analytical methods for water samples.

.' s--t:'W-— ̂ preset^^ '-'•••!?*1 •• -• '-m ••\>?rr *?**•?•*<*;• K'>-.-,8-_:, *v. '.,.-, *-,r^'.'!j •'-. <"„..'.-, •<. ' . <,*•• ,

"• " ^ " M"V '•"'" • • '',;--"',"̂  ' t V "- -'6-r/^

;-'; JiJompprTen f̂̂ l

IDS

TSS

Asbestiform Fibers

Hardness

Alkalinity

N03'
1

so;2

cr1

F'1

Ca

Mg

Na

K

COa^/HCOg-1

î ia îfcaiiiyietHod^

EPA 160.1

EPA 160.2

EPA-600/4-83-043

EPA 130.2

EPA 310.1

EPA 353.2

EPA 375.3

EPA 325.3

EPA 340.2

EPA 21 5.1/200.7

EPA 242.1/200.7

EPA 273.1/200.7

EPA 258.1/200.7

EPA 310.1

vxyiia^ î-^^
,; L- Parameter;̂

Flow

pH

EC

Temperature

•V. '̂*'"^1'*^: f ••!'?<! *.<s. i1--, . .'^ •:-•;, . •; ' « „;- .0. ^ ,S-^. :̂ ':V ;̂ "ij.-yj- '> 'l..

^§^^M^^W.̂ Mlfe
Pygmy current meter/ Baski flume

Field pH meter

Field EC meter

Field meter

EPA procedures are described in 40 CFR Part 136, Table B. Procedures for asbestiform fibers
are described in "Analytical Procedures for Determination of Asbestos Fibers in Water" (EPA-600/4-
83-043).
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3.0 PRESENTATION OF DATA

Results of the September 19, 1994 sampling are summarized in tabular form as
follows:

• Table 3.1 is a summary of field parameters including pH. electric conductivity
(EC), temperature and flow.

• Table 3.2 is a summary of major cation and anion analyses.

• Table 3.3 is a summary of miscellaneous analyses for various components,
alkalinity, hardness, etc.

• Table 3.4 is a summary of asbestiform fiber analyses.

Raw analytical data from Energy Laboratories and EMS Laboratories used to
prepare Tables 3.2, 3.3 and 3.4, are included in Appendix A and B, respectively.
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Table 3.1. Field data summary.

>SffE NO.
4 •••'<•'»•". ~''

SW-1

SW-2

SW-3

SW-4

SW-5

SW-6

SW-7

SW-8

SW-9

SW-10

SW-114

PW-1

PW-2

• : • : • ' : ' ' • - - ' . DESCRIPTION " -""V^V^i^ k>
' • .'•' '.•;a-'-;'.~;*'-'!J'~£::*,*' '{•-.

• ' • • ' ' ' • • . : ''•.'•-'••.•'' / ' • :'.<?.•> ' f •"••&* £'*.Z?~.''>'?':

Upper Rainy Creek above diversion dam

Fleetwood Creek above coarse tails

Upper Carney Creek at Zook's Dump

Lower Carney Creek above Rainy Creek

Tailings dam toe drains

Tailings pond outfall5

Lower Rainy Creek leaving mine property

Lower Rainy Creek above Kootenai River

Koolenai River above Rainy Creek

Kootenai River below Rainy Creek

Rainy Creek flow into tailings pond

Tailings Pond pore water

Groundwater near SW-11

•"i^.X-.V-'" • • • - /i:;;-,~

B!:̂ RH.î
•^C?x(su)v|^

;v.-v-:--S -•••-•;•' ̂ ! ;::*.tf '•
>?•"'• ""<?' -•^c^*^"'.'-;^ •:^4ifrECA^i::i

r;|(mrnhc>5/crn) y

»•#;..•>;« •';' ^' •;.••••.';>"*?

£xi'TEMe#-;!
^^•(l̂ '/l

K-6, v. -.-j,,-:-.-.;̂ -. :

f?y-£EtowK • •
w '•^yr»i*.»s* - . - -r^cjf^i^-.

Not Sampled

8.76 0.41 15.4 0.021

Not Sampled

8.60

7.21

0.58

0.53

3.0

4.1

0.132

0.642

Not Sampled

Not Sampled

8.48 0.44 3.2 .582

Not Sampled3

Not Sampled3

8.29 0.33 10.3 0.02'

Not Sampled

Not Sampled

Flows were very small. Visual estimates were made.
Flow measurement was with a Pygmy current meter.
Samples of the Kootenai River were not taken as discussed in the Water Quality Monitoring Plan.
The original Water Quality Monitoring Plan did not include this site.
There was no surface flow from the impoundment.
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Table 3.2. Laboratory data summary for major cations and anions.

SITE
t;:vNp£ •

SW-1

SW-2

SW-3

SW-4

SW-5

SW-6

SW-7

SW-8

SW-0

SW-9

SW-10

SW-11

PW-1

PW-2

DESCRIPTION

Upper Rainy Creek above diversion dam

Fleetwood Creek above coarse tails

Upper Carney Creek at Zook's Dump

Lower Carney Creek above Rainy Creek

Tailings dam toe drains

Tailings pond surface water

Lower Rainy Creek leaving mine property

Lower Rainy Creek above Kootenai River

Blind Control (Replicate of SW-8)

Kootenai River above Rainy Creek

Kootenai River below Rainy Creek

Rainy Creek flow into tailings pond

Pore water from tailings

Groundwater near SW-1 1

K
(mg/I)

Na
(mg/l) ,

Ca
(mg/l)

!Mg l

(mg/l)
*, so,-8

(mg/l)

!* « cr1

(mg/l) -
I co$ .
(4 (mg/l);- :

;• HCQ,S
- (mg/l)̂ i.

Not Sampled

Not Sampled

Not Sampled

13

11

9

6

103

94

30

25

21

7

3

6

NR

NR

NR

NR

Not Sampled

Not Sampled

9

9

7

6

84

83

20

20

11

15

9

9

NR

NR

NR

NR

Not Sampled

Not Sampled

Not Sampled

Not Sampled

Not Sampled

NR = Not reported. Laboratory report did not speciate carbonate forms.
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Table 3.3. Laboratory data summary for miscellaneous constituents.

-SIT JE •

•^m-'

SW-1

SW-2

SW-3

SW-4

SW-5

SW-6

SW-7

SW-8

SW-0

SW-9

SW-10

SW-11

PW-1

PW-2

DESCRIPTION

Upper Rainy Creek above diversion dam

Fleetwood Creek above coarse tails

Upper Carney Creek at Zook's Dump

Lower Carney Creek above Rainy Creek

Tailings dam toe drains

Tailings pond surface water

Lower Rainy Creek leaving mine property

Lower Rainy Creek above Kootenai River

Blind Control (Replicate of SW-8)

Kootenai River above Rainy Creek

Kootenai River below Rainy Creek

Rainy Creek flow into tailings pond

Pore water from tailings

Groundwater near SW-11

IDS
(mg/l) '•''./.

;,;." -is&K-
;vO(mg/l)^,;v

Hardness ; 5
:/w£(mg/|);;̂

• ': -•:*.::.*:•,; t <•;.-•-•
^Alkalinity,1;-,7;
>i-.ij';|.(mg/f);./:

^:::':$NO^.::I|
'A-.-:j(wM:''.

:y£
!;-|H|-
"•',.-.'• (rhgyi).̂ .iV-.-"..0*/̂ ^

Not Sampled

Not Sampled

Not Sampled

450

404

7

3

378

339

385

344

0.40

<0.05

0.20

2.40

Not Sampled

Not Sampled

350

351

5

<1

292

288

286

293

0.07

0.06

1.18

1.11

Not Sampled

Not Sampled

Not Sampled

Not Sampled

Not Sampled
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Table 3.4. Laboratory data summary for asbestiform fibers.

•'̂ SiTE?.
• "'\; .' 't,:-^-..

./•• N0- .
•-,,'•:. .°>' ' i1."

SW-1

SW-2

SW-3

SW-4

SW-5

SW-6

SW-7

SW-8

SW-0

SW-9

SW-10

SW-11

V^bESdRltnONft;:i
£7. ̂ -'vJ.;^ >-. ;^^V\v''Vr' t\'"<~"i

• ' • '* -V ' •'•••,•; '' .". , •" . ' . ' '-" -v ;' j- /-

^ /-• ; tc'
J-;'*r>;:-u"'v*' "V " *:~, '^':''"^ ^-ci,,*

Upper Rainy Creek
above diversion dam

Fleetwood Creek
above coarse tails

Upper Carney Creek at
Zook's Dump

Lower Carney Creek
above Rainy Creek

Tailings dam toe
drains

Tailings pond surface
water

Lower Rainy Creek
leaving mine property

Lower Rainy Creek
above Kootenai River

Blind Control
(Replicate of SW-8)

Kootenai River above
Rainy Creek

Kootenai River below
Rainy Creek

Rainy Creek flow into
tailings pond

DETEbtiON;
•&f-$tim&*$r
:;:C(MFi:jg|,

f FIBERS^
&x5jim*&
i;(MEL)̂ l-

>^**V*G'" ^ " * ' (-v • ' / • - •

pHBErtSilfi

?f^m##
j*s::(MEL)r;̂ -

'̂FiBERS r̂
^>l6iiim '̂
;;;(MFL)*

?FIBERlP?msm
S(H9/!)S

Not Sampled

Not Sampled

Not Sampled

0.4

0.7

32.0

ND

10.0

ND

2.9

ND

42

ND

Not Sampled

Not Sampled

1.9

0.6

112.0

42.0

68.0

20.0

25.0

4.6

560

260

Not Sampled

Not Sampled

Not Sampled

MFL = Million fibers per liter
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4.0 DATA ANALYSIS

Data for streamflow, fluoride and asbestiform fibers collected during the last four
base flow periods is compared in Table 4.1.

Stream flow data in Lower Rainy Creek continues to show a trend of slowly
decreasing volume. Some of this volume decrease has been attributed to a reduction in
hydrostatic head in the dam footings as pore water slowly drains from unflooded areas
of the tailings impoundment. A decrease in flow from the toe drains of about 0.6 cfs has
been observed. However, sample collection has been slightly earlier each year as well and
this may also be a factor contributing to the trend of decreasing flows. On this latest site
visit, very dry conditions prevailed. Flows into the tailings impoundment from Rainy
Creek and Fleetwood Creek were only a trickle and were measured by visual estimate.

Initial trends for asbestiform fiber data in Lower Rainy Creek seemed to indicate
a decrease in fiber counts since mine operation was ceased. However, the latest analyses
in Lower Rainy Creek are higher (25.0 million fibers per liter (MFL) and 560 ug/1).
However, a replicate sample was taken at this site and analyzed only 4.6 MFL and 260
mg/1. The 4.6 MFL value is within the requirements of the drinking water standard for
asbestos (7.0 MFL) whereas the 25.0 MFL value is not. In the past, although asbestos
analyses showed a lower level of reproducibility than other analyses based on the
replicate samples, agreement between analyses was usually more consistent than this.
Consequently, there is some concern that there is a sampling or analytical error with one
of the two samples for asbestos from this site. The essential conclusions which have
been drawn regarding asbestos fibers in Lower Rainy Creek remain unchanged:

• Lower Rainy is the area most likely to show the highest levels of asbestiform fibers.
The reported values have varied quite a bit but are of the same order of magnitude
as the drinking water standard.

• The source of the asbestos fibers is material already in the Lower Rainy Creek
drainage. Historic mining practices are thought to be largely responsible for this
since, at one time, tailings were discharged directly into the Rainy Creek drainage
without settlement and impoundment.

• Considerable fluctuation in asbestos fiber analyses can be expected to continue
depending on conditions of stream flow and strearnbank erosion.

Fluoride analyses in water from the toe drains (Site SW-5) had been steadily
declining until this last sampling event. The latest value at SW-5 is 2.4 mg/1 F, up from
1.5 mg/1 in 1993. However, fluoride in Lower Rainy Creek was only 1.18 mg/1 F, slightly
lower than reported on earlier sampling dates. These values are near the expected value
for saturation with CaF2. Since the new drinking water standard for fluoride is set at 4.0
mg/1 F, it is unlikely that this standard will be exceeded as long as there is a significant
concentration of calcium in the waters sampled.
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Table 4.1. A comparison of critical water quality parameters in the last four base flow periods.

•* •*
/A

1

Date
f /

•i

^ tr

11/15/91

10/29/92

10/21/93

09/19/94

LOWER RAINY CREEK
(SiteSW-8)

Plow

(cfs)

2.03

1.46

1.04

0.77

Asbestiform
, \ Fibers

(MFL)1

17.

0.4

0.9

25.03

(ug/OV
240

24

9.9

5603

Fluoride
>

(tng/l)

1.6

1.5

1.7

1.18

LOWER CARNEY CREEK ' '
(Site SW-4)

Flow

(cfs)

0.24

NM

0.14

0.13

Asbestiform
Fibers

(MFL)1^

0.1

1.2

1.5

2.9

(M9/0* ,

6.4

23

22

42

Fluoride

>g/i)

0.28

0.20

0.38

0.20

TAILINGS DAM TOE DRAINS
(SiteSW-5)f ' - C,

Flow

(cfs)

1.22

0.69

0.68

0.58

Asbestiform , ,
>< Fibers /^

.(MFL)1

0.3

ND

ND

ND

(M9 )̂2

8.8

0.1

0.8

ND

Fluoride

;(mg/l):

i

3.1

2.6

1.5

2.4

ND = Not Delected
NM = Not Measured
1 Includes only fibers longer than 10 microns with aspect ratio greater than 3:1.
2 Includes all fibers with aspect ratio greater than 3:1, regardless of size.
3 Replicate sample analyses were 4.6 MFL and 260 ng/1, respectively, suggesting that there may be a sampling or analytical error associated with one of these
samples. Historically, reproducibility of asbestos analyses has been better than this.
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ENERGY I ENERGY LABORATORIES, INC.
LABORATORIES

Tom Hudson
Schafer & Associates
P.O. Box6186
Bozeman, MT 59715

WATER ANALYSIS
W.R. Grace Mine Near Libby, MT

Lab No.
Sample Identification
Date & Time Sampled
Date Submitted
Date Reported

Constituent

Potassium
Sodium
Calcium
Magnesium
Sulfate
Chloride
Carbonate
Bicarbonate
Total Dissolved Solids @ 180°C
Total Suspended Solids
Total Hardness as CaCOS
Total Alkalinity as CaCOS
Nitrate plus Nitrite as N
Fluoride
Total Acidity as CaCO3
Total Recoverable Iron

P.O. BOX 30916 • 1107 SOUTH BROADWAY . BILLINGS. MT 59107-0916 • PHONE (406) 252-6325
FAX (406) 252-6069 • 1-800-735-4489

RECEIVE "™ 1 '- «»

93-51903
SWO

10/21/93® 1430
10/26/93

11/19/93 crp

mg/l (ppm)

10
7
84
21
14
4
0

349
360
2

295
286

<0.05
1.6
<1

<0.03

/^ FS) V

Date
Analyzed

11/04/93
11/04/93
11/04/93
11/04/93
11/08/93
11/08/93
11/01/93
11/01/93
11/09/93
10/26/93
11/04/93
11/01/93
11/03/93
11/08/93
11/01/93
10/28/93

r.DMPI FTP FNJVIRDNMFNTAI ANJAI YTICA1. RFRVIP.F



iNERBY
LABORATORIES

ENERGY LABORATORIES, INC.
P.O. BOX 30916 • 1107 SOUTH BROADWAY . BILLINGS. MT 59107-0916 • PHONE (406) 252-6325

FAX (406) 252-6069 • 1-800-735-4489

Tom Hudson
Schafer & Associates
P.O. Box 6186
Bozeman, MT 59715

WATER ANALYSIS
W.R. Grace Mine Near Libby, Ml

Lab No.
Sample Identification
Date & Time Sampled
Date Submitted
Date Reported

Constituent

Potassium
Sodium
Calcium
Magnesium
Sulfate
Chloride
Carbonate
Bicarbonate
Total Dissolved Solids @ 180°C
Total Suspended Solids
Total Hardness as. CaC03
Total Alkalinity as CaCOS
Nitrate plus Nitrite as N
Fluoride
Total Acidity as CaCOS
Total Recoverable Iron

93-51904
SW4

10/21/93® 1300
10/26/93

11/19/93 crp

mg/l (ppm)

13
9

94
27
22
1
0

430
424
<1
347
352
0.22
0.38
<1

0.06

Date
Analyzed

11/04/93
11/04/93
11/04/93
11/04/93
11/08/93
11/08/93
11/01/93
11/01/93
11/09/93
10/26/93
11/04/93
11/01/93
11/03/93
11/08/93
11/01/93
10/28/93

r.DMPI.ETE ENVIRONMENTAL ANALYTICAL SERVIHF



ENERGY
LABORATORIES

ENERGY LABORATORIES, INC.
P.O. BOX 30916 • 1107 SOUTH BROADWAY . BILLINGS. MT 59107-0916 • PHONE (406) 252-6325

FAX (406) 252-6069 • 1-800-735-4489

Tom Hudson
Schafer & Associates
P.O. Box6186
Bozeman, MT 59715

WATER ANALYSIS
W.R. Grace Mine Near Libby, Ml

Lab No.
Sample Identification
Date & Time Sampled
Date Submitted
Date Reported

Constituent

Potassium
Sodium
Calcium
Magnesium
Sulfate
Chloride
Carbonate
Bicarbonate
Total Dissolved Solids @ 180°C
Total Suspended Solids
Total Hardness as CaCOS
Total Alkalinity as CaCOS
Nitrate plus Nitrite as N
Fluoride
Total Acidity as CaCO3
Total Recoverable Iron

93-51905
SW5

10/21 /93 @ 1030
10/26/93

11/19/93 crp

mg/l (ppm)

12
6
90
24
9
3
0

396
379
2

324
324

<0.05
1.5
<1

<0.03

Date
Analyzed

11/04/93
11/04/93
11/04/93
11/04/93
11/08/93
11/08/93
11/01/93
11/01/93
11/09/93
10/26/93
11/04/93
11/01/93
11/03/93
11/08/93
11/01/93
10/28/93

COMPLETE ENVIRONMENTAL ANALYTICAL SERVICE



ENERGY
LABORATORIES

ENERGY LABORATORIES, INC.
P.O. BOX 30916 • 1107 SOUTH BROADWAY BILLINGS. MT 59107-0916 • PHONE (406) 252-6325

FAX (406) 252-6069 • 1-800-735-4489

Tom Hudson
Schafer & Associates
P.O. Box6186
Bozeman, MT 59715

WATER ANALYSIS
W.R. Grace Mine Near Libby, Ml

Lab No.
Sample Identification
Date & Time Sampled
Date Submitted
Date Reported

Constituent

Potassium
Sodium
Calcium
Magnesium
Sulfate
Chloride
Carbonate
Bicarbonate
Total Dissolved Solids @ 180°C
Total Suspended Solids
Total Hardness as CaCO3
Total Alkalinity as CaC03
Nitrate plus Nitrite as N
Fluoride
Total Acidity as CaC03
Total Recoverable Iron

93-51906
SW8

10/21/93@ 1430
10/26/93

11/19/93 crp

mg/l (ppm)

10
7

84
21
13
4
2

343
357
<1

296
285

<0.05
1.7
<1

<0.03

Date
Analyzed

11/04/93
11/04/93
11/04/93
11/04/93
11/07/93
11/07/93
11/01/93
11/01/93
11/09/93
10/26/93
11/04/93
11/01/93
11/03/93
11/08/93
11/01/93
10/28/93

COMPLETE ENVIRONMENTAL ANALYTICAL SERVICE
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DATE: October 6, 1994

CLIENT: SCHAFER & ASSOCIATES
P. O. Box 6186
Bozeman, MT 59715

ATTENTION: Thomas Hudson

REFERENCE: . Letter Dated September 21, 1994

REPORT NO: 32940

SUBJECT: ASBESTOS ANALYSIS OF WATER SAMPLES BY TEM

ACCREDITED: National Institute of Standards and Technology
through NVLAP (Laboratory No. 1218)

California Department of Health Services for
Asbestos by TEM (Certification No. 1119)

Four surface water samples were submitted for quantitative asbestos TEM
analysis. The samples came from the W. R. Grace mine near Libby, Montana.

TEe"-sample were analyzed according to the U.S. EPA method (EPA-6QO/4-83-
/043). '

The asbestiform which was present in the water samples was from the
tremolite/actinolite group of amphiboles.

The results are as follows:

ASBESTOS FIBER LENGTH DISTRIBUTION (MEL)

Sample No. <2.5 urn 2.5 to 4.9 nm 5.0 to 9.9 nm >10 \im D. L. urn

SW-0
SW-4
SW-5-4
SW-8^

18.6
22.8
ND
77.5

23.8
8.7

ND
34.9

15.1
7.5

ND
42.6

4.6
2.9
ND

25.2

0.6
0.4
0.7
1.9

MFL = Millions of Fibers per Liter D. L. = Detection Limit N.D.]= None-getectec!"-'-—:':•-,
CL.» " -

<^' Airborne Asbiiic.-.
Respec t fu l ly submit ted , ^ Asbssics Bitt £:-.-;• '•;-.

. Ariyscs _,

EMS LABORATORIES, INC. *2 _ _ _.-1 _ ._ !:•

rj^ )/Cff \ G^Vlli4iDi I£<>-n /7'WL 1. v s
B. M. Kolk. Laboratory Director c^. Lib Cods: 1218' '*

This report, from a NIST accredited .aboratcry through NVLAP. must noi buseB.^Vy ' ihe
cl ient to claim product endorsement !:y 2^\:LAP or any agency of the Government.

EMS LABORATORIES 117 West Bellevue Drive / Pasadena CA 91105-2503 / 818-568-4065



Analysis of Water by Transmission Electron Microscopy
( E P A - 6 0 0 / 4 - 8 3 - 0 4 3 )

Date Analyzed 1 0 / 4 / 9 4

1 0 MFL

0.1 MFL

BDL* MFL

0.08 ug/L

EMS No. 32940 Client Schafer & Assoc.

Sample No. Chrysotile Std.

Fibers (asbestos)

Fibers > 5 pm in length (asbestos)

Fibers > 10 urn in length (asbestos)

Mass (asbestos)

More/Less than 5 Fibers
in Sample (asbestos)

Poisson 95% Confidence Interval

Detection Limit

* BDL : Below Detection Limit; MFL: Million Fibers per Liter

Particle Size Distribution ( Asbestos )

Particle Length - Microns

O -0.49 0.50 - 0.99 1.00 - 1.49 1.50 - 1.99 2.00 - 2.49 2.5 - 4.99 5.00 - 9.99 10 & UP

0 54 23 10 6 7 1 0

MORE

8.210

0.1

12 MFL

MFL

Particle Width - Microns

O - .04 .05 - .09 .1 - .14 .15 - .19 .2 - .24 .25 - .49 .50 - .99 1 & UP

0 95 6 0 0 0 0 0

Aspect Ratio L/W

0 - 9.9 10 - 19.9 20 - 29.9 30 - 39.9 40 - 49.9 50 - 99 100 - 199 200 & UP

2 59 1 8 8 6 7 1 0

EMS LABORATORIES 117 West Bellevue Drive / Pasadena CA 91105-2503 / 818-568-406:



Analysis of Water by Transmission Electron Microscopy
( E P A - 6 0 0 / 4 - 8 3 - 0 4 3 )

EMS No. ' 32940

Client Schafer & Assoc.

Sample No. EMS BLANK

Fibers (chrysotile)

> 5 Micron length (chrysotile)

Mass (chrysotile)

More/Less than 5 Fibers
in Sample (chrysotile)

Sensitivity Level

Date Analyzed 9 / 2 9 / 9 4

ND

ND

LESS

0.01

MFL

MFL

ug/L

MFL

Particle Size Distribution ( Chrysotile )

Particle Length - Microns

O -0.49 0.50 - 0.99 1.00 - 1.49 1.50 - 1.99

0 0 0 0

2.00 - 2.49 2.5 & UP

0 0

Particle Width -

O - .04 .05 - .09 .1 - .14

0 0 0

Aspect Ratio

0 - 9.9 10 - 19.9 20 - 29.9

0 0 0

Microns

.15 - .19

0

L/W

30 - 39.9

0

.2 - .24 .25 & UP

0 0

40 - 49.9 50 &. UP

0 0

EMS LABORATORIES 117 West Bellevue Drive / Pasadena CA 91105-2503 / 818-568-4065



TEM ASBESTOS A
r , FILTER TYPE/AREA (mm2)

EMS Lab No. ^ZMUU MCWSS Q.
Client
Sample No '?

METHOD OF ANALYSIS

EPA Yamale Level I I I
Level II 1~~1

Level III I I
AIIERA

LENGTHS
~AII Sites (EPA) I 1

(um):20.5

MCE/314

-MCE/K)l7d) |
Other A" [

TYPE OF SAMPLE PORE SIZE
Air | | Water H-^ 0.45 pm I I

Soildl Wiped 0.8 urn dl |
Bulkdl Other dl .1 \>

Dust/Microvac I I .22 \un I I |

GRID

DIRECT PREP
INDIRECT PREP

MICROSCOPE

Serial No.542-OS-Oi 6CGA d!
Serial No.542-05-13 600B.GD

HUIIudl
HUI25Edl

ASPECT RATIO 3

Approved By

i:O 5:. LZJ

PCM Range* CH
G.O. Area (mm2)_JLO_Q

s-i ,~Ollier
/

Volume
Witkinj! Vulunie^
Weight

Ashed Area _

grams

Dale

No. of G.O. to Analyze .
Filter Lot No

Dale
Prepared By

Grid Address.

Screen Magnification {T"-.

Camera Constant

Accelerating Voltage

Beam Current

__
[\f~~J • ') /

ion II "/^c (

. '
100 KV

Analyst 4-S?__ ^^^Da,efZM/"

SAKUObserui l i im V. )S Amihsls Comments

s£
fvl:

6

ID.

OBSERVATIONS: Clean D
Debris^

Gypsum: LJ
Other D

Very Lighl CD Lighl ̂ J Moderate D Heavy D Very Heavy D
Very Light D Light D Moderate D Heavy D Very Heavy D

^CO"? » <• ' o c/. t> . A l l ' <:



TEM ASBESTOS ANALYSIS
EMS Lab No
Client
Sample No f l

Accelerating Voltage IflOKV

Beam Current

A

u

V c

OBSERVATIONS: Clean
Debris:/Q

Gypsum: I I

Other D

Very Light D
Very Lighl D

Lighi

Lighl D
Moderate CD Heavy O Very Heavy CD
Moderate O Heavy l~1 Very Heavy CD



Analysis of Water by Transmission Electron Microscopy
( E P A - 6 0 0 / 4 - 8 3 - 0 4 3 )

EMS No.

Sample No.

32940

SW-0

Client SCHAFER&ASSOC.

Date Analyzed 9 / 3 0 / 9 4

62 MFL

20 MFL

4.6 MFL

260 ug/L

MORE

50 to

Fibers (asbestos) .

Fibers > 5 urn in length (asbestos)

Fibers > 10 ^.m in length (asbestos)

Mass (asbestos)

More/Less than 5 Fibers
in Sample (asbestos)

Poisson 95% Confidence Interval

Detection Limit

* SDL : Below Detection Limit; MFL: Million Fibers per Liter

Particle Size Distribution ( Asbestos )

Particle Length - Microns

O -0.49 0.50 - 0.99 1.00 - 1.49 1.50 - 1.99 2.00 - 2.49 2.5 - 4.99 5.00 - 9.99 10 & UP

0 1 8 1 2 1 1 41 26 8

0.6

74 MFL

MFL

Particle Width - Microns

O - .04 .05 - .09 .1 - .14 .15 - .19 .2 - .24 .25 - .49 .50 - .99

1 6 22 1 1 33 1 5

1 & UP

0

Aspect Ratio L/W

0 - 9.9 10 - 19.9 20 - 29.9 30 - 39.9 40 - 49.9 50 - 99 100 - 199 200 & UP

50 __ 16 9 1 7 1 023

EMS LABORATORIES 117 West Bellevue Drive / Pasadena CA 91105-2503 / 818-56R-40fi5,



Analysis of Water by Transmission Electron Microscopy
( E P A - 6 0 0 / 4 - 8 3 - 0 4 3 )

EMS No. ' 32940 Client SCHAFER&ASSOC.

Sample No. SW-0

Date 9 / 3 0 / 9 4

Total Asbestos Fibers 62 MFL

Chrysotile Fibers *BDL MFL
Amphibole Fibers 6_2 MFL

> 5 Micron length (chrysotile) *BDL MFL
> 5 Micron length (amphibole) 20 MFL

Mass (Chrysotile) *BDL H9/L
Mass (amphibole) 260

More/Less than 5 Chrysotile
Fibers in Sample LESS
More/Less than 5 Amphibole
Fibers in Sample MORE

Poisson 95°4 Confidence Interval 50 to 74 MFL

Detection Limit 0.6 MFL
* BDL : Below Detection Limit; MFL: Million Fibers per Liter

Size Distribution (Chrysotile and Amphibole)

Particle Length - Microns
0 -0.49 0.50 - 0.99 1.00 - 1.49 1.50 - 1.99 2.00 - 2.49 2.5 & UP

1 8 1 2 11 75

Particle Width - Microns
O - .04 .05 - .09 .1 - .14 .15 - .19 .2 - .24

0 6 16 22 11

Aspect Ratio !_/W
0 - 9.9 10 - 19.9 20 - 29.9 30 - 39.9 40 - 49.9

23 50 16 9 1

.25 & UP

52

50 & UP

8

EMS LABORATORIES 117 West Bellevue Drive / Pasadena CA 91105-2503 / 818-568-406^



I -ll --1 :. I "- I

Sample No. O Page of

TYPE OF SAMPLIjx LENGTHS
Air IZ1 Water 0 All Siics (EPA)
SoilD B u l k D

Olhcr

METHOD OFANALYSIS
EPA 600M-83-043J3 ISO D

LEVEL Of ANALYSIS.
Chrysolite C-
Amphibolc /A

>I.OCH
>5.0D
>IO.OD

I'CM Range* CD
*iill.2S inn widih

fi»i Icn^lli)

FUJI*TYPE/AREA (mini)
MCE CIU ' 385 L;i

PG-O 314 HI
MCNCH 1017 .ED'
Olhcr

PORE S1ZK
0.45 pin D >. 0.8 jiraQ
0.1 junja 0.22 /UH L71

Olhcr

ASPECT RATIO
3:10 5:1 0

G.O. Area (mm1) 0.0
No. of G.O. to Analyze
Filter Lot N

Approved By

(irid
Opening

Structure
Number Structure

Dimensions (nun)

Width Length

DIRECT PREP D
INDIRECT PREP LU,

Volume

rivti i \,-^

r /7L<?w

MICROSCOPE
Serial No. 542-05-06 H600A [I I
Serial No. 542-05-13

liters
Working Volume .?Q ml
Weight grams
Ashed Area %

Prepared By •s/v/ri'm

Grid Addicss
Screen Magnification
Camera Constant
Accclcraling Voltage .
Beam Current
K-Faclor

lA:.' an
R W K V

/ r -

AnalystsS
/(HI

Cliis.siricalion

NAM TM CM CD CQ CMQ CDQ UK AD AX AUX AQ ADQ AZ,Q AZZ

KDS Analysis

Na Si Ca le
Coininenls

-f-
/• -y

/HO wo
70
U2
1Q

a

J__

A-

£..e
g
£.
1=

If?
50

M
f

JJL 10 n

OBSERVATIONS: Clean CD
Dehris CD

Gypsum I I

Other
Very Light Q
Very Light CD

Light CD
Light CD

Moderate ED
Moderate CD

Heavy CD
Heavy CD

Very
Very

Heavy CD
Heavy CD

EMS LABORATORIES 117 West Ucllcvuc Drive CD I'asadcna, California 91105-2503 D («I8) 568-4005



S L lo. .
I KM

Crid
Opvniiu!

\

-3L

A;

Slriii'luiT
NinnluT

Lfc
-fii />
iA
,2.0
'j_\
^o~

Q'2)
\S ""

. — •-i
'5 6
*7 "/

'•I/,
•^)C\

-3f-
3P-
"£23
'V
?,c^

>#£:> i us ANAL IMS s,;;;;;,̂

Sll IK'lUlf

^
h

I^O
r
f
P
p
>

f
p^i
i^
jT

F
p

_J/\Q
ps

p
(VI 0

Dinu'iisitiiis (nun)

\\iiilh

SJ.

"^T
fT

i
10
^
^
ID

i'0

{ ^[O
•3
'T,

^
6̂|

<^

lA-MBlh

^
"5O
lOO
/o
<~jO

) 00
fer
I / O
^o
' / I )

^t i.

£$
fjfi
?,r\
^(ffo
p. 60

''"*} ***"}

CMJ - O

Viher Clussincalioii

NAM TM CM CD

.

CQ

OBSERVATIONS: Clean CD Oth
Debris CD Very Ligl

Gypsum CD Very Ligl

CMQ

—

—

coy UK

A/

^x

AD

A

x

AX \m
^/
v/

,^.,
^x
«-"
v-/
1 .-^

vx

^^

!̂

,/

L/

,./

u -
,..

|X

i.

U.

er
it CD Light CD
it CD Light CD

AQ

'

^
/

^

/

^

'̂ /

'

'

^

/

/

ADQ

^

_~~_

,

V^

Azy

—

^/

M/.

-

Page

Analyst

r^- of ••''

EDS Analysis

Na MB

-7

•^

Si

/n

/(?

Ca

;?_

£^-

Ic

1

1

Comments

\Vclw\i} c-u-
M

VI

^/ fi3£i-'' -; tti-.'
-• rv^^i.'i ^'

ri-i?S PI.'* Tr£ nt ••''(
*}

VA

-«

~"~\Y(*A'\A< ^ \A- ^..

n
</\

IA

K\

f^T^-^-'-U lh-;.,. ll
"U . V^- . - l / >

Moderate CD Heavy CD Very Heavy CD
Moderate CD Heavy CD Very Heavy CD

C-> FIV1R I ARDRATDRIFR 117 West Hcllcviic Drive CD Ixasadcna, California 91105-2503 (KI8) 568--41K.5



1 EM ASBES1 OS ANALYSIS ^i IS L ' 'Jtt. ll_' '"_
Page ' '^' of ^

Analyst '-'~

(Irid
Opening

Mnitluri1

NiiinluT

Vij6
"It.

X

S^
/-/o>
ul J

-Lfls

SlriK-ltnv

P -
M.P

P

P

nD
!•**

:T

Diiiii'iisiiins (nun)

\\iillli

(y\
£J

"̂

J^
L
\-s
/

-^

U...HIL

/to
cvr)

C2- V

^^T
fe>\;

80

Kibvr Classification

NAM TM CM Cl) eg CMg cug

—

—

Ul'

—

-— •

—

AD

:

\\ M)\

,/

^/
,/

1- •

^

^

^

A(£

' ,

'

^

^

^

^

Aug

-

Azg \LL

EDS Analysis

Na MB Si Ca It
Comments

*T/e*n^ ,cJ?C
IA

n
^

VA
n

K1

OBSERVATIONS: Clean Other
Debris CD Very Light CD

Gypsum CD Very Light CD
Light D
Light LZI

Moderate
Moderate

Heavy CZ] Very Heavy CH
Heavy CD Very Heavy CD

EMS LABORATORIES 117 West Ikllcvtic Drive O Pasadena, Calilornia 91105-2503 CD (H18) 568-4(K.5



29-Sep-1994 11:32:32

32940-SW-O,ft,#01,Sft
Vert = SCO counts Disp= 1

Energy Counts X-Ray Lines

1.25 £80. Mg K , Mg K , Mg K

1.74 1186. Si K , Si K

3. 7O 136. Ca K , Ca K

6. 42 £33. Fe K , Fe K

.Preset =
Elapsed:

10O sees
£4 sees

Quant ex>
O.OOO Range= 10.230 keV

£3-Sep-1994 11:33:16

32940-SW-O,ft,#02, Sft
Vert = 500 counts Disp= 1

Energy Counts X-Ray Lines

Mg K , Mg K , Mg K

Si K , Si K

Ca K , Ca K

Sc K , Ca K , Ca K

Fe K , Fe K

Fe K , Fe K

10.110
Integral 8 =

Preset=
Elapsed=

1.

1.

3.

4.

6.

7.

£6

75

71

04

43

07

698.

£180.

525.

72.

226.

4S.

151

1OO sees
1O sees

Quantex)
O. OOO Range= 10.230 keV 10.110

Integral 8 = 431



£9-Sep-1994 11:38: £1=:

I4O-SW-0, ft, #03, S« Preset= 100 sees
•t= 500 counts Disp= 1 Elapsed= £O sees
Energy Counts X-Ray Lines

1.

1.

3.

3.

6.

£6

75

31

69

43

513.

1999.

94.

307.

198.

Mg

Si

K

Ca

Fe

K

K

K

K

K

» "9

, Si

5 K

, Ca

, Fe

K , Mg K

K

K

K

K

Quantex)
0. COO Range=

£9-Sep-1994 11:4O:£4

10.230 keV 10.110
Integral 6 =

3£940-3W-0, fl, *K>4, Sfl
Vert= 50O counts Disp= 1

Energy Counts X-Ray Lines

l.£6 197. Mg K , Mg K , Mg K

1.74 8£9. Si K , Si K

3.69 110. Ca K , Ca K

6.4O 136. Fe K , Fe K

Preset=
£lapsed=

390

10O sees
16 sees

Ouantex)
0. 000 Range= 10.£30 keV 10. 110

Integral 6 = 114



£9-Se.p-1994 12:16: Ac:

32940-SW-O,fl,#14,Sft Preset= 10O sees
Vert= £00 counts Disp= 1 Elapsed= £8 sees

Energy Counts X-Ray Lines

Mg K1.

1.

3.

6.

£5

75

7

A

1

1

£7

ioe

13

£.

5.

9.

143.

Mg

Si

Ca

Fe

K

K

K

K

, Mg

, Si

, Ca

, Fe

K

K

K

K

Quantex>
0. OOO Range= 10. £30 keV 1O. HO

Integral 8 = 150



£9-Sep-1994 13:32:36

3S940-SW-0, ft, #£., Sfl Preset= 100 sees
Vert= 500 counts Disp= 1 Elapsed= £5 sees

Energy Counts X-Ray Lines
T

, Mg K1.

1.

3.

3.

4.

6.

7.

£5

75

33

71

06

41

08

1719.

6373.

176.

1075.

. 114.

64E.

57.

Mg

Si

K

Ca

Sc

Fe

Fe

K

K

K

K

K

K

K

, Mg

, Si

, K

, Ca

, Sc

, Fe

, Fe

K

K

K

K

K

K

K

Quantex)
0. OOO Range= 10. £30 keV 10. 11O

Integral 8 = 1046



29-Sep.-1994 13:38:33

32940-SW-O, ft, #34, Sfi Preset- 100 sees
Vert = 500 counts Disp= 1 Elapsed= £1 sees

Energy Counts X-Ray Lines

1.

1.

2.

3.

3.

4.

6.

£5

'74

31

35

70

03

41

1911.

7147.

46.

49.

1404.

172.

786.

Mg

Si

S

K

Ca

Ca

Fe

K

K

K

K

K

K

K

, Mg

, Si

, s

, K

, Ca

, Ca

, Fe

K

K

K

K

K

K

K

Quantex)
0.000 Range= 10. £30 keV 10. HO

Integral 8 = 1235



TEM ASBESTOS ANALYSIS C _bi.

Sample No.

LJL\ L: ' 'u.

Page of

- 3o

Date _

'7

(Ir id
O|H'iiin>:

2
<

JL—^
5

1

••

i

*-̂

f

1

-?'
/

f

J-

?

C)
/

2^
3

?
l^

r

4r?r-s

Slnnluir
NninliiT

?-

Z

J
y

c?

^̂'
f
70i
I t

/2-
(^

o
/6
7 5-

f«
7̂D

Sli iii'luri1

P

P

P

P

P

\V\P

pf-1

M
r

• £
(r\£>
\\O
P

p̂- ^
r^
r

Diiiifnsiiins (nun)

Widlli

6

/

6

</

l^

fi

tef

)̂
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/
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29-Sep-1994 13:1£:17

32940-SW-O,B,#0£,RS Preset= 10O sees
Vert = 500 counts Disp= 1 Elapsed= 50 sees

Energy Counts X-Ray Lines

O K . V L . V L . V L .

, Mg K . Mg K

, Si K

, Ca K

, Fe K

0. 50

1. £5

1. 74

3.69

6.37

1066.

382.

1358.

178.

175.

0
V

Mg

Si

Ca

Fe

K
L

K

K

K

K

Quantex)
0. OOO Range= 10.£30 keV 10.110

Integral 8 = S75



£9-Sep-1994 13:30:05

32940-SW-O, B, #10, RS
Vert= 500 counts Disp= 1

Energy Counts X-Ray Lines

0. 50 160;=:. K 0 K

1.

1.

3.

4.

6.

£4

74

69

03

39

669.

£544.
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10£.
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Si
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Fe

L

K

K

K

K

K

, Mg

, Si

, Ca

, Ca

, Fe

K

K

K

K

K

Preset=
Elapsed=

1OO sees
36 sees

Quant ex)
0. OOO Range= 1O.£30 keV

Integral 8 =
1O.110

531



29-Sep-1994 13:46:16 3294O-SW-O, B, #£«>, RS

ENERGY COUNTS X-RAY LINES

0.50 1707. O KA1, O KA2, V LAI, V LA2, V LB1, V LG1

1.00 5£. Na KA1, Na KA2, Zr. LAI, Zn LA£, Zr. LB1. Zn LG1

1.25 S94. Mg KA1, Mg KA£, Mg KB1

1.74 £992. Si KA1, Si KA2

2.26 7£. S Kftl, S KA2

3.32 96. K KA1, K KA2

3. 7O 463. Ca KA1, Ca KA2

4.07 75. Sc KA1, Sc KA2

6.39 454. Fe KA1, Fe KA2
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OBSERVATIONS: Clean [~1 Other
Debris CD Very Light CD Light CD

Gypsum CD Very Light CD Light CD
Moderate ED Heavy CD Very Heavy CD
Moderate CD Heavy CD Very Heavy CD
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50-Sep-1994 09:27:23

32440,SW-0,C,#01,RS
Vert = 500 counts Disp= 1

Energy Counts X-Ray Lines

O. 51 1377. K K

1.

1.

3.

5.

6.

25

74

69

90

41
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1416.

213.
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K
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1

«

»

»

V L

, Mg K
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Mn K

Preset=
Elapsed=

1OO sees
33 sees

Quantex>
0.GOO Range= 10.230 keV

30-Sep-1994 09:35:12

3244O, SW-0, C, #10, RS
Vert = 500 counts Disp= 1

Energy Counts X-Ray Lines

0. 51

1.26

1.74

3. 70

796. O K , 0 K
V L

Integral 8 =

Preset=
Elapsed=

V

336. Mg K , Mg K , Mg K

966. Si K , Si K

£56. Ca K , Ca K

10.110

1OO sees
67 sees

6.4O 133. Fe K Fe K

Quantex>
0.000 Range= 10.230 keV 10. HO

Integral S = 24O



Quant ex>
0. 000 Range= 1O.£30 keV

Integral 8 =
10. 110

£40

30-Sep-1994 09:49:50

3£44O,SW-0,C,#£0,RS
Vert = 1OOO counts Disp= 1

Energy Counts • X-Ray Lines

0. 50 £849.
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3O-Sep-1994 10:09:05

3244O,SW-O,C,#30, RS
Vert = 1OOO counts Disp= 1

Energy Counts X-Ray Lines
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DATE: October 6, 1994

CLIENT: SCHAFER & ASSOCIATES
P. O. Box 6186
Bozeman, MT 59715

ATTENTION: Thomas Hudson

REFERENCE: Letter Dated September 21, 1994

REPORT NO: 32940

SUBJECT: ASBESTOS ANALYSIS OF WATER SAMPLES BY TEM

ACCREDITED: National Institute of Standards and Technology
through NVLAP (Laboratory No. 1218)

California Department of Health Services for
Asbestos by TEM (Certification No. 1119)

Four surface water samples were submitted for quantitative asbestos TEM
analysis. The samples came from the W. R. Grace mine near Libby, Montana.

The sample were analyzed according to the U.S. EPA method (EPA-600/4-83-
043).

The asbestiform which was present in the water samples was from the
tremolite/actinolite group of amphiboles.

The results are as follows:

ASBESTOS FIBER LENGTH DISTRIBUTION (MFL)

Sample No. <2.5 um 2.5 to 4.9 um 5.0 to 9.9 um >10 urn D. L. um

SW-0
SW-4
SW-5-4
SW-8-4

18.6
22.8
ND
77.5

23.8
8.7

ND
34.9

15.1
7.5

ND
42.6

4.6
2.9
ND

25.2

0.6
0.4
0.7
1.9

MFL = Millions of Fibers per Liter D. L. = Detection Limit N.D.j— None---.defecfed'''-

Respectfully submitted, *

EMS LABORATORIES, INC. c^

B. M. Kolk. Laboratory Director X"

This report, from a NIST accredited laboratory through NVLAP,- must not be" usecl^by the
client to claim product endorsement by NVLAP or any agency of the Government.

EMS LABORATORIES 117 West Bellevue Drive / Pasadena CA 91105-2503 / 818-568-4065



Analysis of Water by Transmission Electron Microscopy
( E P A - 6 0 0 / 4 - 8 3 - 0 4 3 )

Date Analyzed 10/4/94

10 MFL

0.1 MFL

BDL* MFL

0.08 ug/L

EMS No. 32940 Client Schafer & Assoc.

Sample No. Chrysotile Std.

Fibers (asbestos)

Fibers > 5 urn in length (asbestos)

Fibers > 10 jim in length (asbestos)

Mass (asbestos)

More/Less than 5 Fibers
in Sample (asbestos)

Poisson 95% Confidence Interval

Detection Limit

* BDL : Below Detection Limit; MFL: Million Fibers per Liter

Particle Size Distribution ( Asbestos )

Particle Length - Microns

O -0.49 0.50 - 0.99 1.00 - 1.49 1.50 - 1.99 2.00 - 2.49 2.5 - 4.99 5.00 - 9.99 10 & UP

0 54 23 10 6 7 1 0

MORE

8.2 to

0.1

12 MFL

MFL

Particle Width - Microns

O - .04 .05 - .09 .1 - .14 .15 - .19 .2 - .24 .25 - .49 .50 - .99 1 & UP

0 95 6 0 0 0 0 0

Aspect Ratio L/W

0 - 9.9 10 • 19.9 20 - 29.9 30 - 39.9 40 - 49.9 50 - 99 100 - 199 200 & UP

2 59 1 8 8 6 7 1 0

EMS LABORATORIES 117 West Bellevue Drive / Pasadena CA 91105-2503 / 818-568-4065



Analysis of Water by Transmission Electron Microscopy
( E P A - 6 0 0 / 4 - 8 3 - 0 4 3 )

EMS No. - 32940

Client Schafer & Assoc.

Sample No. EMS BUNK

Fibers (chrysotile)

> 5 Micron length (chrysotile)

Mass (chrysotile)

More/Less than 5 Fibers
in Sample (chrysotile)

Sensitivity Level

Date Analyzed 9 / 2 9 / 9 4

ND

ND

LESS

0.01

MFL

MFL

ug/L

MFL

Particle Size Distribution ( Chrysotile )

Particle Length - Microns

O -0.49 0.50 - 0.99 1.00 - 1.49 1.50 - 1.99 2.00 - 2.49 2.5 & UP

0 0

Particle Width - Microns

O - .04 .05 - .09 .1 - .14 .15 - .19

0 0 0 0

Aspect Ratio LAV

0 - 9.9 10 - 19.9 20 - 29.9 30 - 39.9

0 0 0 0

0

.2 - .24

0

40 - 49.9

0

.25 & UP

0

50 & UP

0

EMS LABORATORIES 117 West Bellevue Drive / Pasadena CA 91105-2503 / 818-568-4065



TEM ASBESTOS ANALYSIS
EMS Lab No ^2,<WO
Client
Sample No

FILTER TYPE/AREA (mm2)

MCE/385 1 I

MCE/314

-MCE/WI73 GRID

METHOD OF ANALYSIS
EPA Yanule Level I EH

Level II D

Level III I I

AHERA CD

ASPECT RATIO 3:1 CD 5:1 CH

Approved By .

LENGTHS
~AII Sizes (EPA) I I

(Hm):£0.5

Other
-#

aio.o CH
PCM Range* I I

TYPE OF SAMPLE
Air I I Water

Soil CD Wipe

Bulk CD Other

Dusl/Microvac

£?.
SIZE

DIRECT PREP ITU

INDIRECT PREP CU

D

>H 3
2CD 4

0.45 pm LI
0.8 \an

Date

G.O. Area (mm2)JLO_Q.
No. of G.O. to Analyze
filter Lot No

LZ

\4llUIIH.' .

Wirking

Weight

Ashed Area

liters

ml

grams

%

Grid Address
Screen Magnification f l—/

Camera Constant {,& ' ~^
Accelerating Voltage 100 KV"

Beam Current ^J

MICROSCOPE
Serial No.542-05-06 600A CU

Serial No.542-05-13 600a

HUME
J •-\ HUI25ECU

LH

Prepared By

Dimensiunlinnil I SAKD Ohserxation KDS Annh.sis

12.r;

6
2Z

OBSERVATIONS: Clean D
Debris:

s~,—I
Gypsum: I I

Other D

Very Light D UgtAJZT Moderate D Heavy D Very Heavy D
Very Light D Light D Moderate D Heavy t] Very Heavy D

; T-»,. ..„ j --- /-<« / o • P c/-.



TEM ASBESTOS ANALYSIS
EMS Lab No
Client
Sample No.

MICROSCOPE

600A
6003

Hill IE |

Accelerating Voltage

Beam Current

OBSERVATIONS: Clean

Debris:/Q
Gypsum: C

Other D

Veiy Light D
Very Light D

Light |2T
Light D

Moderate Q
Moderate O

Heavy L_J Very Heavy LJ
Heavy f~l Very Heavy CD



Analysis of Water by Transmission Electron Microscopy
( E P A - 6 0 0 / 4 - 8 3 - 0 4 3 )

EMS No. 32940 Client SCHAFER&ASSOC.

Sample No. SW-0

Date Analyzed 9 / 3 0 / 9 4

Fibers (asbestos) . 62 MFL

Fibers > 5 fim in length (asbestos) 20 MFL

Fibers > 10 [im in length (asbestos) 4.6 MFL

Mass (asbestos) 26J) ug/L

More/Less than 5 Fibers
in Sample (asbestos) MORE

Poisson 95% Confidence Interval 50 to 74 MFL

Detection Limit 0.6 MFL

* BDL : Below Detection Limit; MFL: Million Fibers per Liter

Particle Size Distribution ( Asbestos )

Particle Length - Microns

O -0.49 0.50 - 0.99 1.00 - 1.49 1.50 - 1.99 2.00 - 2.49 2.5 - 4.99 5.00 - 9.99 10 & UP

0 1 8 12 1 1 41 26 8

Particle Width - Microns

O - .04 .05 - .09 .1 - .14 .15 - .19 .2 - .24 .25 - .49 .50 - .99 1 & UP

0 6 1 6 22 1 1 33 1 5 0

Aspect Ratio LJW

0 - 9 . 9 1 0 - 1 9 . 9 20 - 29.9 30 - 39.9 40 - 49.9 5 0 - 9 9 1 0 0 - 1 9 9 200 & UP

23 50 16 9 1 7 1 0

EMS LABORATORIES 117 West Bellevue Drive / Pasadena CA 91105-2503 / 818-568-4065



Analysis of Water by Transmission Electron Microscopy
( E P A - 6 0 0 / 4 - 8 3 - 0 4 3 )

EMS No. ' 32940 Client SCHAFER&ASSOC.

Sample No. SW-0

Date 9 /30 /94

Total Asbestos Fibers 62 MFL

Chrysotile Fibers 'BDL MFL
Amphibole Fibers 62 MFL

> 5 Micron length (chrysotile) *BDL MFL
> 5 Micron length (amphibole) 20 MFL

Mass (Chrysotile) *BDL |ig/L
Mass (amphibole) 260

More/Less than 5 Chrysotile
Fibers in Sample LESS
More/Less than 5 Amphibole
Fibers in Sample MORE

Poisson 95% Confidence Interval 50 to 74 MFL

Detection Limit 0.6 MFL
* BDL : Below Detection Limit; MFL: Million Fibers per Liter

Size Distribution (Chrysotile and Amphibole)

Particle Length - Microns
O -0.49 0.50 - 0.99 1.00 - 1.49 1.50 - 1.99 2.00 - 2.49 2.5 & UP

0 1 8 12 11 75

Particle Width - Microns
O - .04 .05 - .09 .1 - .14 .15 - .19 .2 - .24 .25 & UP

0 6 1 6 22 1 1 52

Aspect Ratio L/W
0 - 9.9 10 - 19.9 20 - 29.9 30 - 39.9 40 - 49.9 50 & UP

23 50 1 6 9 1 8

1/XXQ EMS LABORATORIES 117 West Bellevue Drive / Pasadena CA 91105-2503 / 818-568-4065



lEM ASBESTOS Sample No. o
~MS
Page

No.
of

TYPE OF SAMPLE/ LENGTHS
Air CD Water Q All Sizes (EPA)

Soil d Bulk D (pin) >
Other

METHOD OFANALYSIS
EPA 600/4-83-043.21 ISO n

LEVEL OF ANALYSIS
Chrysotile
Amphibole

>I.OD
>5.0D

>IO.O D
PCM Range* D
(>0.25 pin width

£5.0 pin lcnj:ih)

/-V T)(0,.

ASPECT RATIO
3:1 0 5:1 D

FILTER TYPE / AREA (mm±)
MCE Q^. ' 385 n
pea 314 n

MCND KM7JZT
Other _

PORE SIZE
0.45 /UK D x 0.8 ju« CD
0.1 ,i">C3 0.22 pm D

Other

Approved By SA

G.O. Area (mmj) 0.0
No. of G.O. to Analy?g
Filter Lot Na/V

Da,e

Grid
Opening

Structure
Number Structure

Dimensions (mm)

Width Length

DIRECT PREP D
INDIRECT PREP

c^A

MICROSCOPE
Serial No. 542-05-06 H600A Q
Serial No. 542-05-13 H60Q&-E3

Volume liters
Working Volume _J2Q_ ml
Weight _ grams
Ashed Area _ %

PrepardBy jSAl/E

Grid Address
Screen Magnification
Camera Constant
Accelerating Voltage
Beam Current
K-Factor

<
Analyst.,

ifl

100 KV
/r?

Fiber Classification

NAM TM CM CD CQ CMQ CDQ UF AD MM. AQ ADQ AZQ AZZ

KDS Analysis

Na Mg Si Ca Fe
Comments

ia \^.!/V.it.i[.l

V/ /Q
4^. (O

î Q_ ^ ^

£-

; V/

-fa

JE. .-"7 50

IS r
/o

OBSERVATIONS: Clean O
Debris CH

Gypsum CD

Other
Very Light D
Very Light O

Light CD
Light CD

Moderate EET
Moderate CD

Heavy CD Very Heavy CH
Heavy CD Very Heavy CH

EMS LABORATORIES 117 West Bellevue Drive Q Pasadena. California 9U05-2503 CH (818) 568-4%5



Client Law No.

LUM

( i r id

\

-3L

? A^#£S 1 US ANAL r A7S Sample!^

Struct urv
Number

fj
r9-/

lA
2-0
"j~\
'33-
Q12)

is — '

Q <^^
~»

*/7 r
s ^

r-ts '

''7 r

3°\
<a,o
3|
,?3-
^-3
-V-/

*•?, <->->

Slrncturf

Y~
f

r^O
f
f -

P

rr^i

£
\̂A\)
p"

f̂

Mil

Diinensioiis (nun)

Width

£L

/

^6
s~\

fl

10
3-*

ĉ^
/O

if)
<->

[O

^
^
Ĉf
<T

l>ength

^7^
^-n
'3(O
[OO
/D
^o

) 00
^iS
6fD
/ /"O
ao
'i^̂p

fC^
^•/ 3
///?
"^p
"(fo
p-60
"%7^

i— — — w =. —£tu -O

Fiber Classification

NAM TM CM CD

,

CQ

OBSERVATIONS: Clean CD Oth
Debris CD Very Ligl

Gypsum CIl Very Lig

CMQ CDQ UF

.̂/

vX

AD

•

'

\\ \0\

\/

i^^-

Wx

L"

-u^

^x

N / X

,̂

(^-

tx

LX

^x'

U--

x,--

tX

^
er
lit O Light O
tit a Light a

AP

^
'

'̂

^

/

X
xx

xy
x

/

^

'

^
/

'

/

ADQ

_ ,

^

>X

AZQ

^,

^

AZZ

-

Page

Analys

7^- " Af :>7

^M*rL ^hvh'-<'
EDS Analysis

Na MR

"̂

<s

Si

/^

^()

Ca

^7_

^

Fe

/

|

Comments

'T/tf-i/n^L&r
H

M

M

1̂/1 1_
/. c^v^yc'^ V-S^i~ \~ /i — -^Ve-r>i'3 ioi'c''.

r-./^ ^^.'^TK^U-'-t

~~vfe(,i.-JV^~
XA

• --«
'^~\Y&4vh'y 1/cO'L

H

M

JA

n
^T^./^TU Th-;.,-JI

\ ^ -i ' i/\s.;\ i i"

Moderate CI3 Heavy I I Very Heavy D
Moderate D Heavy d] Very Heavy Q

EMS LABORATORIES 117 West Bellevue Drive CU Pasadena, California 91105-2503 CU (818)568-4065



TEM ASBESTOS ANALYSIS Sample No.
M Vt^-t ^- I -MS L— No. "?'.

Page "^ of

r.riri
Opening

Struct uri1

Number

0^
'2^f

l-ffc

^>^\

l-\Q

i\ \

(. \ ^

Slructurr

r:
AA \)

F
/^D

L^--

r^

Dimensions (mm)

Width

•̂̂

^
^ —

/-/

C^
/

length

f{-)D
L/O
Q^
t^<^
5*5'
&ot
80

Fiber Classification

NAM TM CM CD CQ

OBSERVATIONS: Clean CD Oth
Debris CD Very Lig

Gypsum CD Very Lig

CMQ CDQ UK AD AX ADX

^/

,/

,/

u-

i^
u-

^^

er
(it CD Light CD
ht CD Light CD

A£

/
/

^
^
^
^

ADQ

'

AZQ AZZ

EDS Analysis

Na Mg Si Ca Fe
Comments

1 y&4\,i->^ uL'UJL.
f\

v\
>-\

\A

"V

KJ

Moderate CD Heavy CD Very Heavy CD
Moderate CD Heavy CD Very Heavy CD

EMS LABORATORIES 117 West Bellevue Drive CH I'asadcna, California 91105-2503 CD (818)568-4065



£9-Sep-1994 ll.-3£:3£

3£940-SW-0,ft,#01, Sft
Vert = 500 counts Disp= 1

Energy Counts X-Ray Lines

1.25 £80. Mg K , Mg K , Mg K

1.74 1186. Si K , Si K

3. 7O 196. Ca K , Ca K

6. 4£ £33. Fe K , Fe K

Preset=
Elapsed:

100 sees
£4 sees

Quantex)
0. OOO Range= 10.£30 keV

£9-Sep-1994 11:33:18
Integral 8

10. 110
151

34O-SW-0, ft, #O£, Sft
-t= 5OO counts Disp= 1
Energy Counts X-Ray Lines

1.

1.

3.

4.

6.

7.

£6

75

71

04

43

07

698.

£180.

5£5.

7£.

££6.

46.

Pig

Si

Ca

Sc

Fe

Fe

K

K

K

K

K

K

, fig

, Si

, Ca

, Ca

» Fe

» Fe

K

K

K

K

K

K

Preset = 1OO sees
Elapsed= 1O sees

, Mg K

, Ca K

Quantex)
O. OOO Range= 1O. £3O keV 10. 110

Integral 8 = 431



£9-Sep-1994 11:38:22

I4O-SW-O, ft, #03, Sft preset= 1OO sees
-t= 500 counts Disp= 1 Elapsed= £0 sees
Energy Counts X-Ray Lines

1.

1.

3.

3.

6.

26

75

31

69

43

513.

1999.

94.

307.

198.

Mg

Si

K

Ca

Fe

K

K

K

K

K

, (ng K , Mg K

, Si K

K it
<**

, Ca K

, Fe K

Quantex>
0.OOO Range-

29-Sep-1994 11:40:24

10.230 keV 1O.11O

32940-SW-O,A, *O4, Sft
Vert= 500 counts Disp= 1

Energy Counts X-Ray Lines

Integral 6 =

Preset=
Elapsed=

39O

1OO sees
16 sees

l.£6 197. Mg K , Mg K , Mg K

1.74 8£9. Si K , Si K

3.69 110. Ca K , Ca K

6.4O 136. Fe K , Fe K

Quantex>
0. OOO Range= 10.230 keV 10. 110

Integral 6 = 114



£9-Sep-l994 12:16:4,=:

32940-SW-O,A,#14,SA preset= 100 sees
Vert= £00 counts Disp= 1 Elapsed= £8 sees

Energy Counts X-Ray Lines

l.£5 £7£. Mg K , Mg K , Mg K

1.75 10£5. Si K , Si K

3. 71 139. Ca K , Ca K

6.41 143. Fe K , Fe K

Quantex>
O.OOO Range= 10.£3O keV 1O.11O

Integral B = 150



£9-Sep-1994 13:32:36

32940-SW-O, ft, #£4̂ , Sft Preset = 100 sees
Vert= 5OO counts Disp= 1 Elapsed= £5 sees

Energy Counts X-Ray Lines
r

Mg K , Mg K

Si K

K K

Ca K

Sc K

Fe K

Fe K

Quantex>
O. OOO Range= 10. £30 keV 1C>. HO

Integral 8 = 1046

l.£5

1.75

3.33

3.71

4.06

6.41

7.08

1719.

6373.

176.

1075.

114.

64£.

57.

Mg

Si

K

Ca

Sc

Fe

Fe

K ,

K ,

K ,

K ,

K ,

K ,

K ,



£9-Sep-1994 13:38:33

!40-'SW-0,fl,#34,Sft Preset* 10O sees
Kt= 5OO counts Disp= 1 Elapsed= £1 sees
Energy Counts X— Ray Lines

l.£5

1.74

£.31

3.35

3.70

4.03

6.41

1911.

7147.

46.

49.

1404.

17£.

786.

Mg

Si

S

K

Ca

Ca

Fe

K

K

K

K

K

K

K

, Mg K , Mg K

, Si K

, S K

, K K

, Ca K

, Ca K

, Fe K .

Quantex)
O.OOO Range= 10.£30 keV 10. 11O

Integral 8 = 1£35



/ . -<- f. - 3C _. IS I Jo.li&M ASBtiblUb ANAL ISIS &** NO

C.rid
Opening

I

4

J3

3
<
r

C7
1

f
/

/
/

— e-

1

r
>

£.
/
>

Pb
/
2^

^
V
v

_fc?
1— \

Siniclurr
NunihiT

$r
z
j
y
i'

7̂,
£

7
/o

/^
n

ôL

/6

f^-

^_k
T£)

Slrticturt1

f-

f

P

f-

f-

f

\M\\>

/JfP

^]j)
£

£

[Y\&

thOp
p̂- *
IS-
p-

Dimensions (nun)

Width

6

/

6

I/

L^

^
?'S^

^

^2_
I)

^

â
3/o
3
2T
f"^
^

l^ength

*?r
<po
<^^
5*0

6?
J-0

I f f t

vo
r~o
/ Q O

/So
2F*
nc
^^33"
^Z-0

2-2^
' I < n 0

jQ ( ^

7^

1 ^T^-C

Fiber ClassiHcalinn

NAM

I/

^
\J

/̂

TM

/

^
'

CM CD CQ

OBSERVATIONS: Clean CD Oth
Debris CD Very Lig

Gypsum CD Very Lig

CMQ CDQ UF AD AX ADX

"

•
\/

V/

^

^

^

•

I/

v/
I/
>/
1/1

^
v

er
tit CD Light CD
lit CD Light CD

AQ

,

^
f

s
^

ADQ

•

•

AZQ AZZ

Page

Analyst

of

C v C — 3o • <v
)VL«/ _ ( *y iy ^

EDS Analysis

Na Mg

3

J

Si

10

(0

Ca

\

2.

Fe
Comments

FA5

/I/I ctw."'Ai kn'-'H
<CvO fO ^i.U |, i •.

Jt*2>c

-

Moderate C$] Heavy CD Very Heavy CD
Moderate CD Heavy CD Very Heavy CD

EMS LABORATORIES 117 West Bellevue Drive O Pasadena, California 91105-2503 (S18) 568-4065



TEM ASBESTOS ANALYSIS"T Y€i Client >2. .-.

Sample No. Page

tOc

of

(f

Analyst.
IP. Date

(irid
Opening

r
__5^c

Sinii'iiin1

NlHlllHT

*/
^2^
*3
ZV
2,r~
•26

1

Slriicturt*

Mp.1 V^

iv>p>
m0
iv^jo

/̂-

Dinivnsiiuis (nun)

Uidlh

^>

^r
40
^
r
2^

length

53-
/7rv̂̂ i
^r-
T^
$0

Fiber Classification

NAM TM CM CD CQ CMQ CDQ UK AD AX ADX

V
\s
v/

y
IS

V

AQ

yf

1

ADQ

/

AZQ AZZ

EDS Analysis

Na Mg

S

Si

/^

Ca

2-

Fe
Comments

GtS*

OBSERVATIONS: Clean CH
Debris CH

Gypsum CU

Other
Very Light CD
Very Light CD

Light CD
Light CH

Moderate C]
Moderate I I

Heavy CD Very Heavy CD
Heavy CD Very Heavy CD

EMS LABORATORIES 117 West Bellevue Drive CD Pasadena, California 91105-2503 CD (818)568-4065!



£9-Sep-1994 13:12:17

3S940-SW-0,B,#0£,RS Preset= 100 sees
Vert = 500 counts Disp= 1 Elapsed= 50 sees

Energy Counts X-Ray Lines

0.50 1066. 0 K , 0 K
V L

1.

1.

3.

6.

£5

74

69

37

38£.

1358.

178.

175.

Mg

Si

Ca

Fe

K

K

K

K

, Mg

, Si

, Ca

, Fe

K

K

K

K

Mg K

Quantex>
O.000 Range= 1O.£3O keV 1O.11O

Integral 8 = £75



£9-Sep-1994 13:30:05

32940-SW-O, B, #10,RS
Vert = 500 counts Disp= 1

Energy Counts X-Ray Lines

0. 50 1802. K K

1.

1.

3.

4.

6.

£4

74

69

03

39

689.

£544.

517.

1O£.

£81.

V

Mg

Si

Ca

Ca

Fe

L

K

K

K

K

K

, Mg

, Si

, Ca

, Ca

, Fe

K

K

K

K

K

Preset=
Elapsed=

1OO sees
36 sees

L

Quantex>
O.OOO Range* 1O.£3O keV 10. 11O

Integral 8 = 531



£9-Sep-1994 13:46:16 32940-SW-O, B, #£f>, RS

ENERGY COUNTS

0. 50

1. 00

1.25

1.74

2.26

3.32

3. 70

4.07

6.39

1707.

56.

894.

2992.

72.

96.

463.

75.

454.

X-RflY LINES

0 Kftl, O Kft£, V Lftl, V Lft£, V LB1, V LG1

Na Kftl, Na Kft£, Zn Lftl, Zr. Lft£, Zn LSI. Zn LG1

Mg Kfll, Mg Kft£, Mg KB1

Si Kftl, Si Kft2

S Kftl, S Kft2

K Kftl, K Kft£

Ca Kftl, Ca Kft2

Sc Kftl, Sc Kft2

Fe Kftl, Fe Kft£



TEM ASBESTOS ANALYSIS ££

Crid

/
/

Struct lire
Number

1

*2-
i"2

u
!__,

6

Q

h
y&*\p>
.u>
M
lb
Q

\&
[Q

70

Structure

f^-IV\D
-r
*z-
f^
F-~
ftO
MO
P—

T-
f~f~
P-
f~~
F-~

Â--
i^~
f'
F~

Diiiieiisiiuis (mm)

Width

/̂ *v-
z
Ar' J

^—

3̂
2_
-2,

10
/r)
2x)

7̂
» ^i
1 -̂r̂

0

to
•3
1 t/

1 &

2-

length

Vo
5̂*"

fc/0
^"2-

3^2_ /̂
5x^
^r ~~ ^f

•^^ 0

/ 2 L

34c
f 3 o
*?S'
^Z-

7-r

I'Zfi
26 *
LJt{a

2-5 -̂

-» i&J-t. J)t£fi<_ IT

No.

"•-,_

Fiber Classification

NAM

(/

V

s

TM

^

CM CD CQ

OBSERVATIONS: Clean CD Oth
Debris CD Very Lig

Gypsum CD Very Lig

CMQ CDQ UF AD AX ADX

NX

>/

v'

X/

V/

x/

•

•J-

^
V

V>

^

(/

V

V

V
er
lit CD Light CD
ht CD Light CD

AQ ADQ

V

V

AZQ AZZ

....IS l _ . . . Jn ^Z9

Page

Analyst

of -

f/too/^-
(4^«3 CC "5°l(/

K.Q.db^ Date cfJ3o/<^(j

EDS Analysis

Na Mg

z.

•T*

•;

Si

10

io

1C

Ca

( • r

Z ' <

Mj

Fe

:s

Comments

7Vfi W0(j i--^ .

f=9.1 fir^.oUl.

C( II C( Iffip h < ho/GS,
qw. Trtinolj-/?-

£?*> i ^r-t,* .

Moderate CD Heavy CD Very Heavy CD
Moderate CD Heavy CD Very Heavy CD

Z_0 EMS LABORATORIES 117 West licllcvue Drive CD I'asadena, California 91105-2503 CD (818) 568-4065



1 ZM Abtt£b 1 US ANALYSIS sa,,lp,e No

( .r id
Opvniii)!

7-

Siriii'luiT

-2-1
2-2-

'23

7J°
?3-
-2,g

'Z?
30
3/
3?^
33,

r^C/
~~" • J-

3£
^7-

**>f
&!^'o

Slructurt

frD
f~-
f/\$
/viO
MO
MO
P-
P
h~
Wp
l^"~~
MDf^
MO
AAP
/Vlp

M£>
f^
IV\P
/v\D

Diiuriisions (nun)

\\idlh

^i-

/^

Lf
i\

£
A

(0

ir&
to
4
l-\-i'Q.

12
3
6

l^iiKlh

5 -̂̂
qo
«y\-^
5-^

Lx~
f(A>
/^"
2jdO
/20

2_ ĉ̂ )

T2^2-
(&D
C/0

^0
M"

f f f )
CP/ O

23^
30

^

Suo_0

Filter Classification

NAM

/̂

|/

TM

/-

CM CD CQ

OBSERVATIONS: Clean CD Oth
Debris O Very Lig

Gypsum CD Very Ligl

CMQ CDQ UF AD AX ADX

V

J

v'

x/7"

U^

v/
v/
v/

v/'

v/
\/
v/

»x

X
y
\x

er
tit CD Light CD
lit CD Light CD

AQ ADQ

V

V

MQ Ml

Page

Analyst

9_ of -P

tf600 /\~

|4x <JiA Date °(13Q
,x •

EDS Analysis

Na Mg

3

3 1 -

Si

/o

10

Ca

l-S

1-1

Fe

|

•o 1

Comments

tf 11 c\m>^hi ho/v-i
GtVQ. I 'f£>~r>oLi '•$' ( •

f^

/7^J

Moderate CD Heavy CD Very Heavy CD
Moderate CD Heavy CD Very Heavy CD

DZL0 EMS LABORATORIES 117 West Bcllevue Drive CD Pasadena, California 91105-2503 O (818) 568-4065



A C* >J tf7 C'rf "Vl f»ASBES1 Ob ^MS ~~~ No.
Page of

c

('.rid
Opening

2,

-

Striii'turv
Number

^•fuz
U3
\j(j
ur
l£j£,
W7
^7 0

(T"A

i^o
5/
5^
5>
AAQ^

Slrui-liire

hP

r^
/*\0F-

r—
fz—
p

f—
f^-
JJ>
p-

f̂aO

AialyV

Dimensions (mm)

Width

:5
\2~-
C^
^

^3

ŝ
J

L/

*̂!,
f̂

length

^T
/WJr
tfx*1

/(>\)

bu
/TO
T2^
50

/T-^
££-

If 2^
LS'̂
2-2^
73k

Fiber Classification

NAM

/̂

I/

(/

y

/TM

^

,

CM CD CQ

OBSERVATIONS: Clean CD Oth
Debris CD Very Lig

Gypsum CD Very Lig

CMQ CDQ UK AD AX ADX

v
y
vX

v/

v/

y
i/

v/

v/

>/

er
lit CD Light CD
fit CD Light CD

AQ ADQ

V

AZQ AZZ

KQCffXV Haie '/JQ

EDS Analysis

Na Mg

•:-.

Si

10

Ca

^

Fe

\-r

Comments

i^T// tfM^htbok-i
Grf ~f^yrWl

f-"!̂

Moderate CD Heavy CD Very Heavy CD
Moderate CD Heavy CD Very Heavy CD

EMS LABORATORIES 117 West licllcvue Drive O l^asadena, California 91105-2503 CD (818) 568-4065



30-Sep-1994 09:£7:£3

>4O, SW-0, C, #01, RS Preset* 1OO sees
*t= SOO counts Disp= 1 Elapsed= 33 sees
Energy Counts X-Ray Lines

0.

1.

1.

3.

5.

6.

51

£5

74

69

90

41

;ntex>
0. OOO

•Sep-1994

40
t =

, SW-0,
5

1377.

34£.

1416.

£13.

££6.

436.

O

Mg

Si

Ca

Mn

Fe

Range=

O9:35: 12

C, #10, RS
00 counts

K , O K , V L , V L , V L ,
L

K , Mg K , Mg K

K , Si K

K , Ca K

K , Mn K

K , Fe K

1O. £3O keV 10. 11O
Integral 8 = 365

Preset = 1OO sees
Disp= 1 Elapsed= 67 sees

Energy Counts X-Ray Lines

0. 51

l.£6

1.74

3. 70

796. OK , O K , V L
V L

336. Mg K , Mg K , Mg K

966. Si K , Si K

£56. Ca K Ca K

6.4O 133. Fe K Fe K

Quantex>
0. OOO Range= 10.£30 keV 10.110

Integral S = £40



Quantex)
0. 000 Range= 10. £30 keV 10.11O

Integral 8 = £40

30-Sep-1994 09:49:50

3£44O, SW-0, C, #£0,RS
Vert = 1OOO counts Disp= 1

Energy Counts X-Ray Lines

O. 50 £849.

l.SS

1.74

3. 70

4.00

6. 39

14£3.

4558.

1106.

83.

351.

K

Si K

Fe K

K

Preset=
Elapsed2

10O sees
30 sees

V L

Mg K , Mg K , Mg K

Si K

Ca K , Ca K

Ca K , Ca K

Fe K

Quantex)
0. OOO Range= 10.£30 keV 10. HO

Iritegral 8 = 8£3



30-Sep-1994 10:09:05

3244O, BW-0, C, #3O, RS Preset= 1OO sees
Vert = 1000 counts Disp= 1 Elapsed= 21 sees

Energy Counts X-Ray Lines

0. 50 4078. 0 K ,
V L

1. £5 1786. Mg K ,

1.74 5696. Si K ,

3.33 1O1. K K .

3.69 1507. Ca K ,

4.03 190. Ca K ,

6.40 479. Fe K ,
Quantex)

O. OOO Range= 1O.

30-Sep-1994 1O: 15:52

O K , V L , V L , V L ,

Mg K , Mg K

Si K

K K

Ca K

Ca K

Fe K

230 keV 10. 110
Integral 8 = 1173

32440, SW-0, C, #40, RS Preset = 10O sees
Vert = 5OO counts Disp= 1 Elapsed= 48 sees

Energy Counts X-Ray Lines

O. 50 1798. O K ,
V L

1.25 997. Mg K ,

1.74 2841. Si K ,

3. 7O 697. Ca K ,

6.42 118. Fe K ,

O K , V L , V L , V L .

Mg K , Mg K

Si K

Ca K

Fe K

Quantex)
0.000 Range= 10.230 keV 10. 11O

Integral 8 = 662



30-Sep-1994 10:30:35

32440,SW-0,C,#50,RS Preset= 100 sees
Vert = 20O counts Disp= 1 Elapsed= 36 sees

Energy Counts X-Ray Lines

0.50 609. O K , O K , V L , V L , V L ,
V L

Mg K1.

1.

3.

6.

£5

74

70

39

315.

978.

241.

153.

Mg

Si

Ca

Fe

K

K

K

K

, Mg

, Si

, Ca

, Fe

K

K

K

K

Quantex)
O.OOO Range= 1O.23O keV 1O. 11O

Integral 8 = 222



Analysis of Water by Transmission Electron Microscopy
( E P A - 6 0 0 / 4 - 8 3 - 0 4 3 )

EMS No. 32940 Client SCHAFER&ASSOC.

Sample No. SW-4

Date Analyzed 1 0 / 4 / 9 4

Fibers (asbestos) 42 MFL

Fibers > 5 ^m in length (asbestos) 12 MFL

Fibers > 10 urn in length (asbestos) 2JJ) MFL

Mass (asbestos) £2 ug/L

More/Less than 5 Fibers
in Sample (asbestos) MORE

Poisson 95% Confidence Interval 34 to 50 MFL

Dotection Limit <L4 MFL

* BDL : Below Detection Limit; MFL: Million Fibers per Liter

Particle Size Distribution ( Asbestos )

Particle Length - Microns

O -0.49 0.50 - 0.99 1.00 - 1.49 1.50 - 1.99 2.00 - 2.49 2.5 - 4.99 5.00 - 9.99 10 & UP

0 1 2 20 14 9 21 1 8 7

Particle Width - Microns

O - .04 .05 - .09 .1 - .14 .15 - .19 .2 - .24 .25 - .49 .50 - .99 1 & UP

Q 13 1 7 21 1 0 30 9 0

Aspect Ratio L/W

0 - 9.9 10 - 19.9 20 - 29.9 30 - 39.9 40 - 49.9 50 - 99 100 - 199 200 & UP

34 42 1 0 3 5 5 2 0

3 EMS LABORATORIES 117 West Bellevue Drive / Pasadena CA 91105-2503 / 818-568-4065



Analysis of Water by Transmission Electron Microscopy
( E P A - 6 0 0 / 4 - 8 3 - 0 4 3 )

EMS No. . 32940 Client SCHAFER&ASSOC.

Sample No. SW-4

Date 10 /4 /94

Total Asbestos Fibers 42 MFL

Chrysotile Fibers *BDL MFL
Amphibole Fibers 42 MFL

> 5 Micron length (chrysotile) *BDL MFL
> 5 Micron length (amphibole) 1 0 MFL

Mass (Chrysotile) *BDL jig/L
Mass (amphibole) 42 M-9/L

More/Less than 5 Chrysotile
Fibers in Sample LESS
More/Less than 5 Amphibole
Fibers in Sample MORE

Poisson 95% Confidence Interval 34 to 50 MFL

Detection Limit 0.4 MFL
* BDL : Below Detection Limit; MFL: Million Fibers per Liter

Size Distribution (Chrysotile and Amphibole)

Particle Length - Microns
O -0.49

0

O - .04

0

0 - 9.9

34

0.50 - 0.99 1.00 - 1.49

1 2 20

Particle Width -
.05 - .09 .1 - .14

13 17

Aspect Ratio
10 - 19.9 20 - 29.9

42 10

1.50 - 1.99 2.00 - 2.49

1 4 9

Microns
.15 - .19 .2 - .24

21 10

UW
30 - 39.9 40 - 49.9

3 5

2.5 & UP

46

.25 & UP

40

50 & UP

7

EMS LABORATORIES 117 West Bellevue Drive / Pasadena CA 91105-2503 / 818-568-4065



SEM
TYPE OF SAMPLED LENGTHS

Air CD Water ZJ All Sizes (EPA) D
Soil CD Bulk CD (fun) >0.5 ET

>i.on
£5.0 CD

>10.0 CD
PCM Range* CD

Other

METHOD OFAJSALYSIS
EPA 600/4-83-043,0 ISO D

FILTER TYPE/AREA
M C E C D _ 385 D

PC ZT 314 D
M C N D 1017 El-
Other

LEVEL Ql ANALYSIS.
Chrysotile C
Amphibole _

ASPECT-RATIO
3:1 .ZT 5:1 D

Approved By

PORE SIZE
'(iO.25 HH. wiJ(h °'45 ("" CD 0.8

^5.0 iaa Icnglhl 0.1 \anJ2T 0.22 Jl/fl CD

Other

G.O. Area (mm2) 0.0
No. of G.O. to Analyze '2-Q
Filler Lot No. ff^LlPdMi^O

Grid
Opening

Structure
Number Structure

Dimensions (mm)

Width Length

:nt .
Sample No. Sfa-' "

MICROSCOPE
Serial No. 542-05-06 H600A D
Serial No. 542-05-13 H600B D

DIRECT PREP D
INDIRECT PREP Q

/'
0

Screen Magnification
Camera ConstantWorking Volume

Weight Accelerating Voltage
Beam Current f°
K-Factor

Ashed Area

Prepared By

Fiber ClassiFication

NAM TM CM CD CQ MQ CDQ UF AD AX ADX AQ ADQ AZQ AZZ

Analyst.
^V^H^M

EDS Analysis

Na Mg Si Ca Fe
Comments

4^- £&.
V

2

\/ 5

2- V ql j g l r , i ^ , - f>o /^

J^ MO

7- 2.0 v/

L/

£
F /O

OS

I/
6'

no /00
OBSERVATIONS: Clean CH

Debris (ZJ
Gypsum Q

Other
Very Light L~H
Very Light CD

Light O
Light CD Moderate CD

Heavy D
Heavy CD

Very Heavy CD
Very Heavy CD

EMS LABORATORIES 117 West Bellcvue Drive ftsadena, California 91105-2503 C3 (818) 568-40C»5



1JZM AbBtLblUb AWALlblb SampleNo

(.rid
Opening

>.

H1

Struct 11 n1

NllllllUT

/6
n-

H
2°
7-\

•Z/L

~%2>
(&£}
7J?
££
2-7-
Z*

^f
36?

£/
3^-

>3

^V-
-?>>

Sir iii-lurf

P

/^

f^

/^

(^

T~

p-
&-£>
r^-
i^
MO
1^*

p
£—
^>
-r.

fc
f~

^

Dinifiisions (mm)

\\idlh

g

^-2-
6
-2.

/is-
/»j-

"3

-2-
j3

^
5-
,5—
fr

/ 2 -
n

^
10
3

Unj-th

-2̂2_
3s""
^2^
/ £?

^^
If
tfo
%-Q

t-ift
p<fo
•2S-
£o
2o
\if
X5—

7,0
1(0
/3O

-Zto-Lf

Fiber Classification

NAM

iX
ts

I/1

TM

,

CM CD CQ

OBSERVATIONS: Clean D Oth
Debris CD Very Lig

Gypsum CD Very Lig

c\ig CDQ UF

-----

AD AX AUX

V

*/

^

S/

/

V

i/

•\/

•
I/
V

v̂/
y
•

er
ht CD Light CD
lit CD Light CD

AQ ADQ

^/

\f

AZQ AZZ

Page

Analyst

*2-- of

2.8" -S

•
EDS Analysis

Na MB

3

3

Si

fo

/a

Ca

2-

Z-

Ke

/

Comments

f/2S

/r-c-i

Moderate CD Heavy CD Very Heavy CD
Moderate CD Heavy CD Very Heavy CD

EMS LABORATORIES 117 West Ikllcvue Drive I'asadena, California 91105-2503 d (818) 568-4065



ASBESTOS nt
Sample No. - u

tak MS No! "32. ~ -Q
Page 3 of ."3

Analyst. Date

(irid
O|u'niii|!

V7

Structure
Number

3£
39-

S^

SlMiclurv

E~
r^
£-

Diiiirnsions (mm)

\Vidlh

2-

r
/u>-^

length

/6
2^V
As-'

Fiber Classification

NAM TM CM CD CQ CMQ coy UF AD AX ADX

v/

v/

AQ ADQ

/

AZQ AZZ

EDS Analysis

Na Mg

2

Si

10

Ca

•2>

Fe
Comments

&&

OBSERVATIONS: Clean D
Debris D

Gypsum CD

Other
Very Light
Very Light

Light CD
Light d

Moderate CH
Moderate CH

Heavy CD
Heavy CH

Very Heavy D
Very Heavy CH

DZ/J3 EMS LABORATORIES 117 West Bellcvue Drive O P&sadena, California 91105-2503 CD (818) 568-4065



3-Oct-1994 08:36:22

32940, SW-4,Pl, #01, RS Preset= 10O sees
Vert= 5OO counts Disp= 1 Elapsed= 21 sees

Energy Counts X-Ray Lines

Ni L , Ni L , Ni L

Mg K , Mg K

Si K

Ca K

Ca K

Mr. K

Fe K

Quantex>
O.OOO Range* 10.23O keV 1O.11O

Integral 0 = 1O323

0.88

1.26

1.74

3. 70

4.03

5.91

6.39

56.

374.

1223.

308.

49.

72.

184.

Ni

Mg

Si

Ca

Ca

Mr.

Fe

L ,

K ,

K »

K i

K ,

K ,

K ,



3-Oct-1994 07:28:34

3£940, SW-4, ft, #0£, RS Preset =
Vert = 5OO counts Disp= 1 Elapsed=

Energy Counts X-Ray Lines

1.25 479. Mg K , Mg K , Mg K

1.74 £01O. Si K , Si K

£.66 56. Cl K . Cl K

3. 70 395. Ca K , Ca K

6.41 £47. Fe K , Fe K

7. 03 54. Fe K , Fe K

Quant ex >
O. OOO Range= 10. £3O keV

Integral 0 =
3-Oct-1994 07:31:02

3294O, SW-4, ft, #O3, RS preset =
Vert = 50O counts Disp= 1 Elapsed=

Energy Counts X-Ray Lines

1.25 827. Mg K , Mg K , Mg K

1.74 £856. Si K , Si K

3.70 450. Ca K . Ca K

4.00 48. Ca K , Ca K

5. 31 98. Mn K , Mn K

6. 42 3£6. Fe K , Fe K

7.04 5£. Fe K , Fe K

3uantex>
O. OOO Range= 10. £3O keV

Integral O =

1OO sees
19 sees

10. no
8975

1OO sees
17 sees

10. 110
1 1 9O3



3-Oct-1994 07:35:14

3294Q,SW-4,P,#04,RS
Vert = 500 counts Disp= 1

Energy Counts X-Ray Lines

Preset=
Elapsed1

100 sees
£5 sees

1.25 1049.

1.75 3£O7.

2.32 53.

3.71 360.

5.40 51.

6.41 473.

7.07 68.

Quantex)
0. 000

Mg K , Mg K , Mg K

Si K , Si K

S K , S K

Ca K , Ca K

Cr K , Cr K

Fe K , Fe K

Fe K , Fe K

Range= 10.23O keV

3-Oct-1994 07:50:14

3294O,SW-4,ft,#10,RS
Vert= 5OO counts Disp=» 1

Energy Counts X-Ray Lines

1.25 796. Mg K , Mg K , Mg K

1.74 2575. Si K , Si K

3.70 596. Ca K , Ca K

6.41 345. Fe K , Fe K

Integral 0 =

Preset=
Elapsed2

10.110
23633

1OO sees
3O sees

Quantex)
0. 000 Range1 10.230 keV

Integral O =
10. 110

13696



3-Oct-1994 07:56:15

3£94Q, SW-4, ft, #£1 , RS Preset =
Vert = 500 counts Disp= 1 Elapsed=

Energy Counts X-Ray Lines

1.26 919. Mg K ,

1.74 £850. Si K ,

3.34 77. K K ,

3. 7O 6O7. Ca K ,

4.O3 7£. Ca K ,

6. 4£ 331. Fe K ,

7. O7 84. Fe K ,

Quant ex)
O. OOO Range= 1O

3-Oct-1994 OS: OS: 43

3£94O, SW-4, ft, #31, RS
Vert= 500 counts Disp

Energy Counts X-Ray

l.£5 791. Mg K ,

1.74 £954. Si K ,

3. 32 78. K K ,

3.70 557. Ca K ,

4. O£ 74. Ca K ,

6.41 43O. Fe K ,

Quantex)
0. OOO Range= 10,

Mg K , Mg K

Si K

K K

Ca K

Ca K

Fe K

Fe K

. £30 keV
Integral 0 =

Preset =
= 1 Elapsed=
Lines

Mg K . Mg K

Si K

K K

Ca K

Ca K

Fe K

.£30 keV
Integral O =

1OO sees
£5 sees

10. 110
14635

10O sees
£4 sees

10. no
11711



3-Oct-1994 08:10:36

32940, SW-4, ft, #38, RS
Vert= 500 counts Disp= i Preset- 1OO secs

Energy Counts X-Ray Lines Elapsed= £a secs

F K , Fe L , Fe L , Fe L ,

M9 K , Mg K , Mg K

5 Si K

t

1

1

3

4.

.>. 68

.25

.74

.70

. 05

59.

754.

£579.

800.

64.

F K
Fe L

Mg K

Si K

Ca K

Sc K K , Ca K K

Quantex)

0.000 Range- 1O. £30 keV
, . 10. 11o
Integral 0 = 1O1£5



_. No.
lUM AStft

Crid
Opt-niiif!

1

3_

3

Sirui'tiiiT
Number

\

-3-

3
4c
£
7

?
it)n
j.

i'^
j j
/-£"
/£
'7
/£
'7

^-0

SI nil-lure

F
f

r

F̂• <^
p-
F
r

p

(̂^
r
f

f=
p
f
f-

ISIUS

Diinensions (nun)

\\idlh

Z

4(

3

lo

^
1

^.5"

7

/^
tj

/̂O

/ 5-
-a-6>
AT

U,,Bll,

3-^
^0
3-5~

^0
^"D
(ok

*?&
\$O

^O

?°
IfTD

?n

//r
/CTD

^^

^2

l?o
l£

ANALISIS Sample No. Suj'-q

Fiber Classification

NAM

x/

s

y

/
y
</

TM CM CD CQ CMQ CDQ UF AD AX ADX

v/

,/

^/

/

v/

/
v/

vX

v/

ŷ
-̂</^

OBSERVATIONS: Clean r~l Other
Debris JE3" Very Light O Light d

Gypsum O Very Light Q Light O

AQ

^

ADQ

V/

\/

vX

AZQ AZZ

Page

Analyst

1 of A-

s
EDS Analysis

Na Mg

3

3

3

Si

/o

/O

/c?

Ca

^

2

.̂

he

f

/

A3

S6o&&~ f|6<50.0

/V1^ • /9/ 2XTO

^7 ^^L -^ I /T / l^? '/ /
^l^*V^\ OfltP ^"^ I ^5 / / ^7

/I ' '

Comments

&£)5fi- | ̂  "^~V€i(*-b \~ttlf*-

+?- fc&nokix.
IY&JK.D t/te.

Ts£hrt l;k* \

/icifrno nt~i£
/4t -fiV)z> f7 r<^

'•C'trTHt 1 1 P-̂ -
„

/k-trnohl-*
/^c-frKo/r h«

„
Tre/nvhf-e
Ackn»lr,t-e ;^^5

Moderate JZ3 Heavy (HI Very Heavy CH
Moderate HI] Heavy CH Very Heavy CH

EMS LABORATORIES 117 West Bcllevue Drive Pasadena, California 91105-2503 d (818) 568-4065



TEM ASBESTOS ANALYSIS r;

( i r id

v/

5

Siriifliirr
NmnUvr

^-j

PJL

-*£_
_±d
>9
>^>

^7
^#

3̂0

?\
3^

1̂%
3 b
rj
^x
4̂*0

Slriitlurv

t

Z
*~

r~

?

f

f-

,_!
^

3

f

f

P
r3

F̂-
_P

P
P

Dimensions (nun)

\\idlh

//

Z

^i'?

{1

-£^

5-

^ -7/f
I °
2,
te

3
j2_

y
i.
jT
V

length

2V
/ya
^1
zz
\%
^

13L.D

no
3%
5Z)
l < ?
5V

3 1

ÎZ-

>0̂^0
^>

'i/i? U
^W,/«e,v- tf±^

No. ZoJ-cf
i

Fiber Classification

NAM

y

y

TM CM CD CQ

OBSERVATIONS: Clean CH Oth
Debris 0 Very Lig

Gypsum CH Very Lig

CMQ CDQ UF AD AX ADX

/

y

y

^X

y
\f

\/

v/

V/

\J

\f

y
yy

"*£
y
y
^

er
lit d Light CD
lit CD Light O

AQ

^

,

ADQ

y

AZQ AZZ

ciVlS
Page

Analyst

u.

I ,
EDS Analysis

Na Mg

3

^

Si

10

/o

Ca

Z

^

Fe

/.^

/

• No. -^ , i £
f""^ r -^^-*- of -X

n

Comments

/fcfcrnellt"*
X|c"nV>o 1 it"-*'
IVd'^D/Tl-e
/4cirnof."('e

/•/
^ ; eos: *$c£; (

~Ttf&lhC> I 7/"<

/^th-nolf^
//

//
/•/
/'

^/
x/

/ W^^^ I "" f"'^ "^ /*^* /^ ^
f f^sfftb f t ' * ' 1 ^ I* ^2

fl'£-TTn o 1 1 f~-*
^/

T^^/^'o/r/^

Moderate D Heavy tZl Very Heavy O
Moderate CD Heavy CH Very Heavy CH

EMS LABORATORIES 117 West Bellmie Drive Pasadena. California 91105-250.1 l~l (MX\



3-Oct-1994 11:27:34

32940,SW-4, B,01,KC
Vert = £00 counts Disp= 1

Energy Counts X-Ray Lines

1.25 293. Mg K , Mg K , Mg K

1.74 1062. Si K , Si K

3.70 216. Ca K , Ca K

6.41 75. Fe K , Fe K

Preset=
Elapsed=

100 sees
3£ sees

Quantex>
0.OOO Range= 10.230 keV

3-Oct-1994 12:49:39

32940,SW-4,B,1O,KC
Vert = 500 counts Disp= 1

Energy Counts X-Ray Lines

Mg K , Mg K , Mg K

Si K , Si K

K K , K K

Ca K , Ca K

1O. HO
Integral 8 =

Preset=
Elapsed=

151

1OO sees
2O sees

1.25

1.74

3. 34

3.70

4.06

6.42

15O5.

4821.

78.

962.

78.

346.

Sc K

Fe K

Sc K

Fe K

Quantex)
0. OOO Range= 10. 23O keV 1O. HO

Integral 8 = 678



3-Oct-1994 13:21:02

32940., SW-4, B, £0, KC Preset= 100 sees
Vert = £00 counts Disp= 1 Elapsed= 42 sees

Energy Counts X-Ray Lines

1.25 533. Mg K , Mg K , Mg K

1.74 1689. Si K , Si K

3.70 272. Ca K , Ca K

6.42 225. Fe K , Fe K

Quantex>
0. OOO Range= 10.23O keV 10.110

Integral 8 = 224



3-Oct-l994 13:59:11

32940, SW-4, B, £6, KC Preset =
Vert = 500 counts Oisp= 1 Elapsed=

Energy Counts X-Ray Lines

0.99

1.25

1.74

3. 29

3.70

4.02

6.41

Quantex>
0. OOO

3-Oct-1994

73. Zn L , Zn L , Zn L

1OO5. Mg K , Mg K , Mg K

4O05. Si K . Si K

92. K K , K K

746. Ca K , Ca K

63. Ca K , Ca K

568. Fe K , Fe K

Range= 1O. 230 keV
Integral 6 =

14:38:16

32940, SW-4, B, 36, KC Preset=
Vert = SOO counts Disp= 1 Elapsed=

Energy Counts X-Ray Lines

1.25

1. 74

3.70

6.44

Quantex)
0. OOO

313. Mg K , Mg K , Mg K

1326. Si K , Si K

272. Ca K , Ca K

115. Fe K

Range= 10. 23O keV
Integral 8 =

100 sees
3O sees

10. 110
627

10O sees
33 sees

10. 11O
169



/. - • -MS L-- No.
-v •> >-/ /,/ >

l&M AblfUb 1 US ANAL I SIS Sampie NO

( i r id

f

2^

3

Slriu-liirr
Numlier

1

*2-
,3
vv

5

&
7*-

jf

T
(®
[(
/2-
l3>
f y

(^
(fa
l^
1 %
[C

TV

Slriiclurr

F~~r~P-
r^
/^
/H/>
f""-
r^-

r^r—
I^Qi=z
F-r^
/vO/)
/n AI'iVsS

^

F̂

Dinirii.sions (nun)

Width

/

/'U'
•$""
Lj
y-

^
3

/%J~
/2-
'̂-
--
/ i
<<^
/-^

C"-^

-̂^
It
3

length

<?3'

" 2r~
Z-S"^

2-O
//O
L/O
2.5""

/ ^
^2-

5V

/^"

2-S
Z<?ci
^ ^"
^^)
QO

^r^)
fLf(j

^

SuUf

Fiber Classification

NAM

IX

(X

IX
\/
i/
x1

TM

'

CM CD CQ

OBSERVATIONS: Clean CD Oth
Debris CD Very Lig

Gypsum CD Very Lig

CMQ CDQ UF AD AX ADX

sX

^

v/

v^

^

^

•^

X

•x
X

er
lit CD Light CD
lit CD Light CD

AQ ADQ

V

V

J

AZQ AZZ

Page

Analyst

/ of ^

' C 2,«
H&oof}-
iw<f- lyf voo

<L'C ~ 3o -V

A^U/U Date /° -^-^

EDS Analysis

Na Mg

3

3

Li

Si

(0

10

lO

Ca

/

^

'^

Fe

2.

5"

2-

Comments

/r£>S flC(iht>li* /T_

f l / / 0^,^^ A * - J / , « A / x
/

<!rv"<' Z1'-' /M Q U /t

^s /9t-^*,o6^.

^^ fidi^ix-

Moderate C3 Heavy CD Very Heavy CD
Moderate CD Heavy CD Very Heavy CD

EMS LABORATORIES 117 West Bcllcvue Drive O Pasadena, California 9U05-2503 O (818) 568-4065



ASBESTOS ANALYSIS 1 1-0-

Sample No. .SO -M
-MS No.
Page 3- of __L

C
11-6 oo A

Analyst

( .rid

"5»

/Y

("• —

Siriii'lurt1

Nu in lit1 r

?J

2-2-
23
2-^
-zT'
•26
z--p
"2-̂
Q-f
3<^
3/
32-
3^
3 /̂
t>3'

^£
32-.
-̂
Sf

uf>

Striu-tiin1

/^

{z-
*f~

r^*z~
f=-
f-

f^
C*^~

i^O
A^lD

L*^-~

/•10
/^

ilrvO
K-
/C-
f^"
P~

l)imensi«)iis (nun)

\\idth

("S^

LJ

5"

fa"

2>
|./3-

r r
2^.

^
1^<>-

2-
tf
•3
Lf-
s-
0
A
3
^

lA-ngth

2X-
3r-
/^
/6
^-2-
"3D
/H'/?v
^^60no
3O

<cO

^<^
3 ^̂ "

5̂

3-s"~
35^
3-5"|t\

2 ĉ»
I /<*5 £*^

Fiber Classification

NAM

I/

I/

I/

TM CM CD CQ

OBSERVATIONS: Clean CD Oth
Debris CD Very Lig

Gypsum CD Very Lig

CMQ coy UK AD AX ADX

•/

x/

•/

y
^

v/

v/

^
^
/
^
V

^
I/

I/

y
v

er
lit CD Light CD
tit CD Light CD

AQ ADQ AZQ AZZ

K.adto ^ Kfftf/w1
EDS Analysis

Na Mg Si Ca Ke
Comments

Moderate CD Heavy CD Very Heavy CD
Moderate CD Heavy CD Very Heavy CD

EMS LABORATORIES 117 West Ikllcvue Drive CD Pasadena, California 91105-2503 CD (818) 568-4065



TEM ASBESTOS ANALYSIS ££.

did

S"

Slrwliiri1

Number

Mj
U(7

M ^
V A . V
uy
U.4

u9-

'

Structure

/^~

1^-
fc_

f^-

r~~
WO(^-

Dimensions (mm)

\Vullh

3

/•J-

^
'"̂ X *~__J c

%—
h f

length

7_o
3j-

2_oO

^\~
^2^
'Z-coY

/ o

_J=r>Ch«Jfl^ fV-j-jji
No. rl •"_S ^ — v^

£"

Fiber Classification

NAM

S

I/

TM CM CD CQ CMQ CDQ UF AD \\ ADX

^

^

^

^

\/

AQ ADQ AZQ AZZ

Page

Analys

Lui . .Mn _ ^ '., . .

of

C

B^-7i<^ Dale / O j M q v ,

EDS Analysis

Na Mg Si Ca Fe
Comments

OBSERVATIONS: Clean CH Other
Debris CD Very Light

Gypsum CH Very Light
Light CD
Light a

Moderate D
Moderate d

Heavy CU Very Heavy CD
Heavy CU Very Heavy CU

EMS LABORATORIES 117 West Bcllevuc Drive Q Pasadena, California 91105-2503 C3 (818)568-4065



4-Oct - 1 994 07:25:15

32940, SW-4. C. #O1, RS
Vert = 1000 counts Disp= 1

Energy Counts X-Ray Lines

0.

1.

1.

3.

3.

6.

7.

50

£5

74

32

69

41

04

1558.

588.

22 3O.

122.

283.

38O.

75.

0
V

Mg

Si

K

Ca

Fe

Fe

K
L

K

K

K

K

K

K

, 0

, Mg

, Si

, K

, Ca

, Fe

, Fe

K

K

K

K

K

K

K
Quantex>

O. OOO Cursor=

4-Oct-1994 O7:3O:23

Mg K

1.260 keV

Preset=
Elapsed=

32940, SW-4. C. #1O, RS
Vert = 200 counts Disp= 1
Quantex>

58 count)
Integral 0 =

Preset=
Elapsed=

100 sees
29 sees

1O. 110
11171

1OO sees
2O sees

O. OOO Range= 10.230 keV
Integral O =

1O. HO
5354



4-Oct-1994 07:31:03

32940, SW-4.C. #10, RS Preset= 100 sees
Vert= £OO counts Disp= 1 Elapsed- SO sees

Energy Counts X-Ray Lines

0. 5O 626. O K , O K , V L , V L , V L .
V L

1.25 193. Mg K , Mg K , Mg K

1.74 754. Si K , Si K

3.69 £64. Ca K , Ca K

6.41 352. Fe K , Fe K

Quantex)
O. OOO Range= 1O. £3O keV 10. HO

Integral 0 = 5354



4-Oct-1994 07:46:00

3£94O3 SW-4. C. #£0, RS Preset= 100 sees
Vert = £00 counts Disp= 1 Elapsed= 57 sees

Energy Counts X-Ray Lines

,0 K , Ti L , V L , Ti L .
, Ti L , V L , Ti L , V L ,

Mg K , Mg K , Mg K

, Si K

, Ca K

, Fe K

Quantex>
O. OOO Range= 10.230 keV 1O. 110

Integral O = 6501

0.

i.

l.

3.

6.

49

£5

74

69

33

568.

343.

9£S.

£19.

145.

0 K
V L
V L

Mg K

Si K

Ca K

Fe K



Analysis of Water by Transmission Electron Microscopy
( E P A - 6 0 0 / 4 - 8 3 - 0 4 3 )

EMS No.

Sample No.

32940

SW-5

Client SCHAFER&ASSOC.

Fibers (asbestos)

Fibers > 5 ^im in length (asbestos)

Fibers > 10 ftm in length (asbestos)

(asbestos)

Date Analyzed

BDL*

BDL*

BDL*

10 /3 /94

MFL

MFL

MFL

ug/L

LESS

0 to

0.7

2.7 MFL

MFL

More/Less than 5 Fibers
in Sample (asbestos)

Poisson 95% Confidence Interval

Detection Limit

* BDL : Below Detection Limit; MFL: Million Fibers per Liter

Particle Size Distribution ( Asbestos )

Particle Length - Microns.

O -0.49 0.50 - 0.99 1.00 - 1.49 1.50 - 1.99 2.00 - 2.49 2.5 - 4.99 5.00 - 9.99 10 & UP

0 0 0 0 0 0 0 0

Particle Width • Microns

O - .04 .05 - .09 .1 - .14 .15 - .19 .2 - .24 .25 - .49 .50 - .99 1 & UP

0 Q 0 0 0 0 0 0

Aspect Ratio L/W

0 - 9.9 10 - 19.9 20 - 29.9 30 - 39.9 40 - 49.9 50 - 99 100 - 199 200 & UP

0 Q 0 0 0 0 0 0

EMS LABORATORIES 117 West Bellevue Drive / P&sadena CA 91105-2503 / 818-568-4065



Analysis of Water by Transmission Electron Microscopy
( E P A - 6 0 0 / 4 - 8 3 - 0 4 3 )

EMS No. . 32940 Client SCHAFER&ASSOC.

Sample No. SW-5

Date 10/3/94

Total Asbestos Fibers *BDL MFL

Chrysotile Fibers *BDL MFL
Amphibole Fibers *BDL MFL

> 5 Micron length (chrysotile) *BDL MFL
> 5 Micron length (amphibole) *BDL MFL

Mass (Chrysotile) *BDL jig/L
Mass (amphibole) *BDL

More/Less than 5 Chrysotile
Fibers in Sample LESS
More/Less than 5 Amphibole
Fibers in Sample LESS

Poisson 95% Confidence Interval 0_ to 2.7 MFL

Detection Limit 0.7 MFL
* BDL : Below Detection Limit; MFL: Million Fibers per Liter

Size Distribution (Chrysotile and Amphibole)

Particle Length - Microns
O -0.49 0.50 - 0.99 1.00 - 1.49 1.50 - 1.99 2.00 - 2.49 2.5 & UP

0

Particle Width - Microns
O - .04 .05 - .09 .1 - .14 .15 - .19 .2 - .24 .25 & UP

0 0 0 0 0 0

Aspect Ratio L/W
0 - 9.9 10 - 19.9 20 - 29.9 30 - 39.9 40 - 49.9 50 & UP

EMS LABORATORIES 117 West Bellevue Drive / Pasadena CA 91105-2503 / 818-568-4065



lEM ANAL* SI* nt "u No.
Sample No. ? C .O" Page of

TYPE OF SAMPLE
Air P Water .Q^
SoilP Bulk d

Other

METHOD OF ANALYSIS
EPA 600/4-83-043 J 2 I S O P

LEVEL OF ANALYSIS
Chrysolite fT.P& - Cl/>
Amphibole /"i Off

ASPECT RATIO
in

LENGTHS
All Sins (EPA) O

(JOT) >
>I.OD
>5.0D
>io.o a

PCM Range* D
n wiOih

i Icnjiih)

Approved By T3 • J~i • Date

FILTER TYPE / AREA (mm±)
MCEP^. 3&5P

PC-P 314 P
MCN P KJI7-ET
Other

PORE SIZE
0.45 fun P^-0.8 (unP
0.1 /jjipZl 0.22/unP

Other

G.O. Area (mm2) 0.0 f7"KJ

No. of G.O. to Analyze ^ Q
Filter Lot No. AfTtLtrtn 11 /^ol

DIRECT PRE?
INDIRECT PREP

MiCROscorr;
Serial No. 542-05-06 H600A Q
Serial No. 542-05-13 H600B P

Volume liters
Working Volume j fi ml
Wcighl grams
Ashed Area %

Grid Address
Screen Magnification
Camera Constant
Accelerating Voltage .
Beam Current |:
K-Factor LI

100 KV

Analyst Date

— • — 1
Grid

Opening

£
IJf

^
v~)

^^l_^^

Structure
Number

rpf
N *%>

5f

ÂJ^C
H*L

Structure

b

-p-

\

Dimensions (mm)

Width

*2~

Length

(^

Fiber Classification

NAM

I/

TM CM CD CQ CMQ CDQ l)F AD AX ADX AQ ADQ AZQ AZZ

KUS Analysis

Na Mg Si Ca ft
Comments

OBSERVATIONS: Clean
Debris

Other
Very Light CD

Gypsum CD Very Light CD
Light D
Light CH

Moderate^CD
Moderate [3

Heavy O
Heavv O

Very Heavy
Very Heavy

EMS LABORATORIES 117 West Bcllevue Drive D Pasadena, California 91105-2503 O (818) 568-4065



3-Oct-1994 13:34:07

3£940jSW-5, ft, 01, RS Preset= 10O sees
Vert = £00 counts Disp= 1 Elapsed= 3£ sees

Energy Counts X-Ray Lines

, V L , V L , V L ,0.

1.

3.

5.

6.

7.

50

75

68

89

39

04

398.

186.

1£1.

£31.

464.

89.

0
V

Si

Ca

Mn

Fe

Fe

K
L

K

K

K

K

K

, 0

, Si

, Ca

, Mn

, Fe

f Fe

K

K

K

K

K

K

Quantex)
O.OOO Range= 10.£3O keV 1O.lib

Integral 8 = 129



JEM ASBESTOS ANALYSIS Luvilt

Sample No.
„. IS
Page

Analyst

of

13

ft,

Date

(,ri(\
Optninn

(

^

^

^

Ĉ^

^

Slrwiuri1

Nuiiilirr

/^->P

r^^l
W>v?
W ±p

N^
v*v
/V>^r

'

Slnifdirv

i

9

Diinrnsions (nun)

Width length

Fiber Classification

NAM TM CM CO CQ CMQ CDQ UF AD AX AOX AQ ADQ AZQ AZZ

EDS Analysis

Na Mg Si Ca Fe
Comments

OBSERVATIONS: Clean CH Other
Debris CD Very Light CD

Gypsum CD Very Light CD
Light CD
Light O

Moderate
Moderate

Heavy CD Very Heavy
Heavy D Very Heavy

EMS LABORATORIES 117 West Bellevue Drive CD Pasadena, California 91105-2503 CH (818) 568-4065



JEM ASBESTOS ANALYSIS Sample No. ''.-.. L< -: -

^,«1S Li.^ No. . . _ . . _
Page 1 of

C
D

n •.

<;rid
Opt'iiint!

|

^

-^

if

:5~
£

Striiclurr
Niiiiibi-i

i&Q
N^P
A)5b
/05p

/O^ZP

SI met ii n*
Dimensions (nun)

Width length

Analyst

Fiber Classification

NAM TM CM CD CQ CMQ coy UF AD AX ADX AQ ADQ AZQ AZZ

f-t'
/

EDS Analysis

Na Mg Si Ca Fe

^fVx'i Date / 3 // v
/I '

Comments

t 1 4 *•- ^ L'' • X -r "-Jr (h ( <> î ti- -p-Mi_ 6o-:v~<- iii'V <i

M^IHV/ ^ci^jw-^/v.-^
AJ_^ x

OBSERVATIONS: Clean
Debris

Other
Very Light CD

Gypsum CD Very Light CD
Light CD
Light CD

Moderate £3""
Moderate CD

Heavy E3T Very Heavy CD
Heavy CD Very Heavy CD

GZ/.0 EMS LABORATORIES 117 West Bellcvue Drive CD Pasadena, California 91105-2503 CD (818) 568-4065



Analysis of Water by Transmission Electron Microscopy
( E P A - 6 0 0 / 4 - 8 3 - 0 4 3 )

EMS No.

Sample No.

32940

SW-8

Client SCHAFER&ASSOC.

Date Analyzed 1 0 / 4 / 9 4

180

68

25

560

MFL

MFL

MFL

ug/L

MORE

150 to

Fibers (asbestos)

Fibers > 5 ^m in length (asbestos)

Fibers > 10 urn in length (asbestos) _

Mass (asbestos)

More/Less than 5 Fibers
in Sample (asbestos)

Poisson 95% Confidence Interval

Detection Limit

* BDL : Below Detection Limit; MFL: Million Fibers per Liter

Particle Size Distribution ( Asbestos )

Particle Length - Microns

O -0.49 0.50 - 0.99 1.00 - 1.49 1.50 - 1.99 2.00 - 2.49 2.5 - 4.99 5.00 - 9.99 10 & UP

0 14 1 5 .6 5 1 8 22 1 3

1.9

220 MFL

MFL

Particle Width - Microns

O - .04 .05 - .09 .1 - .14 .15 - .19 .2 - .24 .25 - .49 .50 - .99 1 & UP

0 1 2 1 7 13 1 4 27 8 0

Aspect Ratio LAV

0 - 9.9 10 - 19.9 20 - 29.9 30 - 39.9 40 - 49.9 50 - 99 100 - 199 200 & UP'

29 28 1 5 4 5 9 2 1

EMS LABORATORIES 117 West Bellevue Drive / Pasadena CA 91105-2503 /



Analysis of Water by Transmission Electron Microscopy
( E P A - 6 0 0 / 4 - 8 3 - 0 4 3 )

EMS No. . 32940 Client SCHAFER&ASSOC.

Sample No. SW-8

Date 10 /4 /94

Total Asbestos Fibers 180 MFL

Chrysotile Fibers *BDL MFL
Amphibole Fibers 180 MFL

> 5 Micron length (chrysotile) *BDL MFL
> 5 Micron length (amphibole) 68 MFL

Mass (Chrysotile) *BDL |ig/L
Mass (amphibole) 560 |ig/L

More/Less than 5 Chrysotile
Fibers in Sample LESS
More/Less than 5 Amphibole
Fibers in Sample MORE

Poisson 95% Confidence Interval . 150 to 220 MFL

Detection Limit 1.9 MFL
* BDL : Below Detection Limit; MFL: Million Fibers per Liter

Size Distribution (Chrysotile and Amphibole)

Particle Length - Microns
O -0.49 0.50 - 0.99 1.00 - 1.49 1.50 - 1.99 2.00 - 2.49 2.5 & UP

0 14 1 5 6 5 53

O - .04 .05 - .09 .1 - .14

0 12 1 7

0 - 9.9 10 - 19.9 20 - 29.9

29 28 1 5

• Microns
.15 - .19 .2 - .24

13 14

o L/W
30 - 39.9 40 - 49.9

4 5

.25 & UP

37

50 & UP

1 2

EMS LABORATORIES 117 West Bellevue Drive / Pasadena CA 91105-7.501 /



lEM
. *- ' (/\nl „ ^---

Sample No

*"MS ' '• No.
Page oi

TYPE OF SAMPLE
Air D Waler..0""
SoilD BulkCD

Olher

METHOD OF ANALYSIS
EPA 600/4-83-043 IZf ISOLD

LEVEL OF ANALYSIS
Chrysolite c- 1> ( f'&
Amphirnilc /\ pf\

ASPECT.RATIO
3:1 m" 5:1 CD

LENGTHS
All Sizes (EPA) D.

((i/») >0.5 Cl
>I.OD
>5.0D
>io.o a

PCM Range* D
*(>0.25 iiin wkllh

|ini length!

ULTERTYPE/AREA (mm+)
MCE CD 385II]

PC-Q-- 314 Cl
MCN D 1017 Q-
Other

DIRECT PREP O
INDIRECT PREP CD

MICROSCOPE
Serial No. 542-05-06 H60CA ! J
Serial No. 542-05-13 H600Bt<

/ CD
I'ORE ME
0.8 /i/n'D

" 0.22 fun CD
Olhcr _

JSLA Date
-, f 7

' ' - " '

G.O. Area (mm2) 0.0 (2_L
No. of G.O. to Analyze
Filler Lot No./J

Volume Jiters
Working Volume 2-b ml
Weight grams
Ashed Area %

Prepared By % /f '
Date

Grid Address _
Screen Magnification
Camera Constant _
Accelerating Voltage
Beam Current
K-Factor

0 1111!

^ ^ H i i - \

t
Grid

O|>ening

|

Structure
Number

I

3-

%

if

$

f,

7
ITcii
10'
(\
1-2-

13

itf

)*?

Structure

P

f

&

f

p

&

F
p
f

P
F

£
p

Dimensions (mm)

Width

{,

%

f

7
£j

f̂ l

ĵ

A

-̂2.

I (9

V
^.61

OBSERVATIONS:
^

length

^

P^^
-2-O

jtfcf
^(j
tt
//r
/3

-27
L

120
7o
110

•
/ o/ /

Fiber Classification

NAM

/

/

/

TM CM CD CQ

Clean D Oth
Debris JZT Very Ligl

Gypsum CD Very Ligl

CMQ CDQ

- - •

UK At) AX ADX

y
y
/
yxy
^
\/

cr
it CD Light CD
lit CD Light CD

AQ ADQ

\f

\f

f

J^

AZQ

/

AZZ

H u n
KUS Analysis

Na MR

J
3

3

d

Si

I'O

/O

10

/o

Ca

Zx

3

3

£

Fe

1

/&

1

;

Comments

B>5
£i?^ ; 7rsn,v(',t-e
cv<> - Ac-^r^l^.

.fr
ZPS • 4 '.-^M^ ^
m./tf,^ . Te.
TrSl-nnktc
/ 1CT* Hd * * ' *-

/,

/x

Tr&frotijl-c

AcAfTnci:t<.

rPD<^ : Tve.tHci^.

j\t,-faor,te
~Trep~+Qil-x-

Moderate CD Heavy S2T Very Heavy CD
Moderate CD Heavy CD Very Heavy CD

EMS LABORATORIES 117 West Bellevwe Drive D Pasadena, California 91105-2503 d (818) 568-4065



1£M Abttt

Opi'iiiii)!
StriK'IniT
NuinluT

. I t .

n
\t
>1
^0
-2 1

J-JL

^3
1LJ

**)
jj.£

±1

M

^1

30
3j
32.

33
£4
tf

Slriii-turv

F

F
F
F

F

f

p
F

f
F
F
F
F-- - 1r-
F

i A i Gte A^A/,1^75 Samp,e No.

Dimensions (nun)

Width

3

t

3
.̂

4i
_x

T
1

5-
1^
3
2-

3̂. 5

1

3̂

7

UnSlh

">*7±7

-25"

^/3/;
7̂o

61
j&io
30

?̂
cxro
->$
-2f
z\j-

tf£

4o
it
62
llr

^

<?U) -tt

Kibtr Classification

NAM

y

y

y

TM CM CD cu

OBSERVATIONS: Clean LD Oth
Debris CD Very Ligl

Gypsum CD Very Ligl

CMQ CDQ UK AD AX ADX

y
y
^
s

y/

•y'

/

/

y
y
v/

t/
v/

v/

•̂
er
tit CD Light CD
tit CD Light CD

AQ ADQ

y

y

AZQ AZZ

Page

Analys

'2- of ^

i

EDS Analysis

Na MB

2#

3

Si

10

io

Ca

W

J_

Fe

1

1

!?(?ŷ  Dale /3 />'-/
/y

Comments

Tretnv IccC
/,

/-,

//

/ittTrlfc/T'fc

's

Two(\-k<L

T/e*Dt7b> :ED±

-frepohk*
A&nvkte

,,
Tr&n»lrf<2

/(&*ak+e.

„

7V*f««/«~fe : /=Di
4/47^/T-f^

r><f«i^)2;/-«L

Moderate CD Heavy CD Very Heavy CD
Moderate CD Heavy CD Very Heavy CD

EMS LABORATORIES 117 West Ikllevuc Drive I'asadcna, California 91105-2503 (818) 568-4065



TEM ASBESTOS ANALYSIS Sample
,̂.1S L~~ No. . '- 2 V !

Page -^ of -

( i r i d
Opening

Striifi i irt1

Number

H

11

7*

•

Strticlurv

FL
__F
-^

Diim'iisions (nun)

\Vidlli

Jx

(o
1

\jtn$\\i

)3,
1*0
/ /

• f a • •
Fiber Classificalion

NAM TM CM CD CQ CMQ CDQ

....

UK AD \\ M>\

/

*/

y

AQ ADQ AZQ AZZ

EDS Analysis

.Na Mg Si Ca He
Comments

/k-KhoJTfe
'/

'/

OBSERVATIONS: Clean L Other
Debris CD Very Light CD

Gypsum C3 Very Light CD
Light
Light

Moderate D
Moderate CD

Heavy CD Very Heavy CD
Heavy CD Very Heavy CD

U//_0 EMS LABORATORIES 117 West Uellevuc Drive CD Pasadena, California 91105-2503 CD (818) 568-4065



03-0ct-1994 i&:i£:£5 3£94O, SW-8,ft,01,KC

ENERGY COUNTS X-RflY LINES

1.00 177. Na Kfll, Na KP£, Zn Lfll, Zn Lft£, Zn LB1, Zn LG1

1.26 1500. Mg Kfll, Mg Kfl£, Mg KB1

1.75 5616. Si KA1, Si KA£

3.31 162. K Kfll, K Kfl£

3.71 &6£. Ca Kfll, Ca KA£

4.03 77. Ca KB1, Ca KB3

5.43 7£. Cr KA1, Cr Kfl£

6.4£ 1141. Fe Kfll. Fe Kfl£

7.08 155. Fe KB1, Fe KB3
3-Oct-1994 16:15:56

»40, SW-8, ft, 0£, KC preset= 100 sees
•>t= 500 counts Disp= 1 Elapsed= £O sees
Energy Counts X-Ray Lines

1.

1.

3.

3.

4.

5.

6.

nt

£5

74

3£

7O

OS

93

41

ex>

ioea.

358£.

107.

738.

75.

49.

40O.

66.

Mg

Si

K

Ca

Ca

Mn

Fe

Fe

K

K

K

K

K

K

K

K

. Mg K . Mg K

, Si K

, K K

, Ca K

, Ca K

, Fe K

, Fe K
O.OOO Range= 10.£3O keV 10.110

Integral 8 = 9££



3-Oct-1994 16:£6:CO

3S940, SW-8, ft, O3, KG
Vert = 5OO counts Disp= 1

Energy Counts X-Ray Lines

Preset=
Elapsed1

100 sees
£3 sees

1.

1.

3.

4.

5.

6.

£5

74

70

03

93

41

1459.

5135.

1414.

. 160.

6£.

777.

Mg

Si

Ca

Ca

Mn

Fe

K

K

K

K

K

K

, Mg

, Si

, Ca

, Ca

, Fe

K ,

K

K

K

K

Quant ex)
0. OOO

3-Oct-1994

Range=

1 6 : £8 :46

3£94O, SW-8, A, O5, KC
Vert= 500 counts

Energy Counts 3

1.

1.

3.

3.

4.

5.

6.

£6

74

33

70

03

90

4£

Quantex)
o. ooo

1134.

3697.

56.

1033.

90.

65.

436.

Mg

Si

K

Ca

Ca

Mn

Fe

56. Fe
Range=

Di
^ ~ R

K

K

K

K

K

K

K

K

10. £30 keV

sp= l
ay Lines

, Mg

, Si

» K

, Ca

, Ca

, Mn

. Fe

, Fe
10. £3O

K ,

K

K

K

K

K

K

K
keV

10. 110
Integral 8 =

Preset=
Elapsed=

756

100 sees
£1 sees

1O. 110
Integral 8 685



3-Oct-1994 16:40:43

32940,SW-8,ft,13,KC
Vert= 5OO counts Disp= 1

Energy Counts X-Ray Lines

Preset=
Elapsed*

1OO sees
£6 sees

1 . £6

X • / ̂ T

3. 31

3. 70

4.04

6.41

Quant ex)

1347.

4669.

101.

1043.

118.

5£9.

Mg

Si

K

Ca

Sc

Fe

O. 000 Range=

3-Oct-1994 17: £6:

3£940, SW-8
Vert =

Energy

1. £5

l. 75

3. 71

6. 40

, ft, £4, KC

oe

£OO counts
Counts

£47.

1008.

£47.

113.

X

Mg

Si

Ca

Fe

K ,

K ,

K ,

K ,

K ,

K ,

10.

Disp=
-Ray

K ,

K ,

K .

K ,

Mg K ,

Si K

K K

Ca K

Ca K ,

Fe K

£30 keV

1
Lines

Mg K ,

Si K

Ca K

Fe K

, Mg K

Ca K

10. 110
Integral S =

Preset=
Elapsed=

£76

10O sees
3O sees

Mq K

Quantex)
0. 000 Range= 10.£30 keV

Integral 8 =
10. 1 10

17O



3-Oct-1994 18:19:47

32940, SW-6, A, 33, KC ' Preset= 100 sees
Vert = 500 counts Disp= 1 Elapsed= £7 sees

Energy Counts X-Ray Lines

1.25 977. Mg K , Mg K , Mg K

1.74 3592. Si K , Si K

3.32 127. K K . K K

3. 7O 54£. Ca K , Ca K

4. 02 63. Ca K , Ca K

6.40 431. Fe K , Fe K

7.O5 74. Fe K , Fe K

Quantex>
O. OOO Rar.ge= 1O. £3O keV 1O. 110

Integral 6 = 492



TEM ASBESTOS ANALYSIS ^
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(_j//_0 EMS LABORATORIES H7 West Bcllcvue Drive CD Pasadena, California 91105-2503 CD (818) 568-4065



4-Oct-1994 10:46:£4

3£94O, SW-8,B,#O1,RS Preset= 1OO sees
Vert= 1000 counts Disp= 1 Elapsed= 13 sees

Energy Counts X-Ray Lines

K , Mg K1.

1.

£.

3.

3.

4.

6.

£6

75

£9

33

70

05

4£

£669.

8905.

80.

170.

£611.

£O3.

869.

Mg

Si

S

K

Ca

Sc

Fe

K

K

K

K

K

K

K

i MQ
, Si

. s

, K

. Ca

, Se

. Fe

K

K

K

K

K

K

K

Ca K . Ca K

Quantex) 15£. Fe K , Fe K
0.000 Range= 10.£30 keV 1O.110

Integral O = 37760



4-Oct-1994 11:19:52

32940,BW-8,B, #1£,RS preset= 1OO sees
Vert = 1000 counts Disp= 1 Elapsed= IS sees

Energy Counts X-Ray Lines

1.

1.

3.

3.

4.

5.

6.

£5

74

31

70

05

9£

41

£095.

6614.

17£.

1453.

171.

45.

756.

Mg

Si

K

Ca

Sc

Mr,

Fe

K

K

K

K

K

K

K

, Mg

, Si

• K

, Ca

, Sc

, Mn

, Fe

K

K

K

K

K

K

K

Ca K . Ca K

Quantex) 111. Fe K , Fe K
0.000 Range= 10.£30 keV 1O.11O

Integral 0 = £1403



OA-Oct-1994 11:34:01 32940,SW-8,B,#£0,RS

ENERGY COUNTS X-RftY LINES

l.£5 1930. Mg Kftl, Mg Kft£, Mg KB1

1.74 6050. Si Kfll, Si Kft£

£.34 49. S Kfil, 3 Kfl£

3.35 68. K Kfll, K Kft£

3.70 166£. Ca Kftl, Ca Kfi£

4.03 186. Ca KB1, Ca KB3

4.54 59. Ti Kftl, Ti Kfl£

5.89 53. Mr. KA1, Mr. Kfl£

6.41 £91. Fe Kfll, Fe Kft£

7.06 46. Fe KB1, Fe KB3



04-Oct.-1994 11:49:15 32940, SW-S, B, 4+30, RS

ENERGY COUNTS X-RAY LINES

0.65 £4. F KA1, F KA£, Mr, LP1, Mr, LA£, Mr, LB1, Mr, LBi

.0.99 35. Zr, LAI, Zr, LA£, Zr, LBI

i.£5 iiOO. Pig KAi, Mg KA£, Mg KB1

1.74 3765. Si KA1, Si Kfl2

£.31 £4. S Kftl, S Kft£

3.30 118. K Kftl, K Kft£

3.71 677. Ca Kftl, Ca Kft£

4. O4 93. Sc Kft£. Ca KB1. Ca KB3

5.44 48. Cr- Kftl, Cr Kft£

5.91 81. Mr, KA1, Mr, KA£, Cr KB1. Cr KB3

6.41 548. Fe KA1, Fe KA£

7.07 77. Fe KB1. Fe KB3



04-0ct-1994 13:00:51 32940,SW-8,B,#40,RS

ENERGY COUNTS X-RftY LINES

1.01 32. Na Kftl, Na Kft2, Zn Lftl, Zn Lft2, Zn LB1, Zn LG1

1.26 1214. Mg Kftl, Mg Kfl2, Mg KB1

.1.74 3911. Si Kftl, Si Kft£

3.31 125. K Kftl. K Kfl2

3. 7O 652. Ca Kftl, Ca Kft£

4.02 8O. Ca KB1, Ca KB3

5.87 54. Mr, Kftl, Mr, Kfl2

6.41 611. Fe Kftl, Fe Kft2

7.06 72. Fe KB1, Fe KB3



TEM ASBESTOS ANALYSIS Sample No.
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EMS LABORATORIER in w.;^ ^-sz^w !>r5vc ci



TEM ASBESTOS ANALYSIS Sample No.
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4-Oct-1994 14:08:33

3£94Q, SW-8, C, #0£, KC
Vert = 500 counts

Energy Counts

l.£6 1483. Mg

1.74 4595. Si

3.31 110. K

3.70 1££6. Ca

4.05 108. Sc

6.41 547. Fe

7. 06 78. Fe

Quant ex >
0. OOO Range=

4-Oct-1994 14:3£:31

3£94O, SW-8, C, #11, KC
Vert= 5OO counts

Energy Counts

l.£5 81O. Mg

1.74 £67£. Si

3.71 69£. Ca

4. O4 9£. Sc

6. 4£ 375. Fe

7. O6 6O. Fe

Quant ex >
O. OOO Range=

Preset =
Disp= 1 Elapsed=

X-Ray Lines

K , Mg K , Mg K

K , Si K

K , K K

K , Ca K

K , Sc K , Ca K , Ca K

K , Fe K

K , Fe K

10. £30 keV
Integral O =

Preset =
Disp= 1 Elapsed=

X-Ray Lines

K . Mg K , Mg K

K , Si K

K , Ca K

K , Ca K , Ca K

K , Fe K

K , Fe K

10. £30 keV
Integral 0 =

1OO sees
15 sees

10. 110
£47£1

100 sees
£1 sees

10. 110
14334



4-Oct-1994 15:11:£3

3£940, SW-8,C,#£1,KG Preset= 100 sees
Vert = £00 counts Disp= 1 Elapsed= 33 sees

Energy Counts X-Ray Lines

1.25 361. Mg K , Mg K , Mg K

1.74 1371. Si K , Si K

3.71 2£4. Ca K , Ca K

6. 39 157. Fe K , Fe K

Quantex)
O.OOO Range= 10.£3O keV 1O.110

Integral 0 = 6758



LAB NO: 32940
CLIENT: Schafer & Assoc.

ANALYSIS OF WATER BY TEM (EPA-600/4-83-043)

Laboratory
I.D.

3 2 9 4 0 - 0
3 2 9 4 0 - 4
3 2 9 4 0 - 5
32940-8

Client
I.D.

SW-0
SW-4
SW-5
SW-8

FILTER MEDIA DATA
Type

PC
PC
PC
PC

Diameter
mm
47
47
47
47

Effective Area
mmA2
1017
1017
1017
1017

No.ofG.O.

5
1 4
20
3

Analyzed
Area, mmA2

0.035
0.098

0.14
0.021

Sample
Volume (ml

50
25
1 0
25

INDIVIDUAL ANALYTICAL RESULTS

Laboratory
I.D.

32940-0
32940-4
. 3 2 9 4 0 - 5
3 2 9 4 0 - 8

Client
I.D.

SW-0
SW-4
SW-5
SW-8

r>
Str

107
101
N.D.
93

lo. of Asbes
>5

34
25

N.D.
35

los
>10

8
7

N.D.
13

Detection
Limit (MFL)

0.6
0.4
0.7
1.9

CONCENTRATION ( MFL }
Str

62
42
N.D.
180

Str >5um
20
1 0

N.D.
68

Str >10um
4:6
2.9
N.D.
25

The analysis was carried out to the approved TEM method. This laboratory is in compliance with the quality specified
by the method.

Authorized Signature

EMS LABORATORIES 117 West Bellevue Drive / Pasadena CA 91105-2503 /



5-Dec-1991 07:54:45
Execution time = 6 seconds
22965,4,B,H02,RS
Vert= £00 counts Disp- I

Energy Counts X-Ray Lines

0 K

rig K

Si K

Cl K

Ca K

Fe K

0.

1.

1.

2.

3.

6.

52

26

74

60

69

39

416.

323.

994.

80.

196.

136.

0
V

«g

Si

Cl

Ca

Fe

K
L

K

K

K

K

K

'

,

i

»

i

Mg K

Preset" Off
Elapsed- sees

Quantex)
0.160 Range= 10.S30 keV

5-Dec-1991 07:58:49
Execution time = 6 seconds
22965, 4,B, HO,4,RS
Vert= £00 counts Disp= 1

'Energy Counts X-Ray Lines

0.51 932. 0 K 0 K

1.25

1.74

3.29

3.69

4.03

6.40

621.

1801.

41.

419.

43.

173.

v

Mg

Si

K

Ca

Ca

Fe

L

K

K

K

K

K

K

, nB
, Si

, K

, Ca

, Ca

» Fe

K

K

K

K

K

K
Quantex)

0. 160 Range= 10.230 keV

Integral 0
10.230

7601

K

Preset= Off
Elapsed8

Integral 0 =

19 sees

10.230
9992



OS-Dec-1991 07:53:0fl , RS

ENERGY COUNTS

0.52

1,00

1,. 25

1»74

3,, 31

3..69

4.,03

6.40

7.07

3228.

231.

2170.

6813.

279.

1135.

141.

761.

132.

X-RAY LINES

0 KA1, 0 KA2, V LAI, V LA2, V LB1, V LG1

Na Kftl, Na K«2, Zn Lftl, Zn Lft2, Zn LB1, Zn LG1

Mg Kftl, Mg KA2, Mg KB1

Si Kfll, Si KA2

K Kfll, K KP2

Ca KP1, Ca KAE

Ca KB1, Ca KB3

Fe Kfil, Fe KA2

Fe KB1, Fe KB3



5-Dec-1991 08:00:42
Execution time = 6 seconds
22965,4,B,H05,RS
Vert= 200 counts Disp= 1

Energy Counts X-Ray Lines

0.5S 561. K 0 K

1.24

1.73

3.70

6.40

Quantex

405.

1110.

284.

104.

V

rig

Si

Ca

Fe

0.160 Range"

5-Dec-1991 08:03:
Execution
22965, 4, B,
Vert"

Energy

0.53

time "
H06, RS

15
5

200 counts
Counts

78. 0
Cr

L

K ,

K ,

•K '

K ,

10.

MB K

Si K

CA K

Fe K

230 key

seconds

Disp=
X-Ray

K ,
L ,

1
Lines

0 K , V
y L , v

1.74 173. Si K , Si K

3.68 90. Ca K , Ca K

Preset* Off
Elapsed33 21 sees

Integral 0 =
10.230

6535

Preset" Off
Elapsed- 27 sees

L , Cr L , V L ,
L , Cr LI , Cr L

Quantex >
0.160 Range" 10.230 key

Integral 0 =
10.230

4079



OS-Dec-1991 08:05:10 £2965,4,B,H07,RS

ENERGY COUNTS X-RftY LINES

0.52

1.02

1.25

1.73

2.27

2.63

3.34

3.69

6.39

7.06

895.

139.

576.

2353.

104.

294.

109.

239.

570.

0 Kfll,

Na Kftl,
Zn LG1

Mg Kftl,

Si Kftl,

S Kftl,

Cl Kftl,

K Kftl,

Ca Kftl,

Fe Kfll,

0 Kft2, V Lfll, V Lft2, V LB1, V

Na Kft2, Na KB1, Zn Lftl, Zn Lfl2, Z

Mg Kft2, Mg KB1

Si Kft2

S Kft2

Cl Kfl2

K Kft2

Ca Kft2

Fe Kfl2

88. Fe KB1, Fe KB3
5-Dec-1991 08s08sl6

Execution time - 8 seconds
22965,4,B,H08,RS Preset-
Vert= 200 counts Disp~ 1 Elapsed13

Energy Counts X-Ray Lines

0.51

1.25

1.73

3.70

257.

170.

524.

119.

O K , O K , V L , V L ,
V L

Mg K , Mg K , Mg K

Si K , Si K

CA K , Ca K

LG1

Off
45 sees

Ckiantex)
0.160 Range" 10.230 keV 10.230

Integral 0 = 7693



5-Dec-1991 08:11:12
Execution time = 6 seconds
2296S,4,B,tt09,RS
Vert= 200 counts Disp=> 1

Energy Counts X-Ray Lines

0.5S 427. K 0 K

1.24

1.73

3.69

6.38

Ouantex)

279.

936.

292.

60.

V L

MB K ,

Si K ,

Ca K ,

Fe K ,

0.160 Range= 10

5-Dec-1991 08:21:
Execution
22965, 4, B,
Vert=

Energy

0.52

1.25

1.74

3.69

time =
12

Mci K

Si K

Ca K

Fe K

.230 keV

6 seconds
H10,RS
200 counts Disp
Counts X-Ray

339.

262.

752.

211.

0 K ,
V L

Mg K ,

Si K ,

Ca K ,

= 1
Lines

0 K ,

Mg K ,

Si K

Ca K

Presets Off
Elapsecl = 23 sees

Integral 0 =
10.230

5619

Preset= Off
Elapsed= 30 sees

Quantex)
0.160 Range= 10.230 keV

Integral 0
10.230

3966



S-Dec-1'391 00:23:10
Execution time = 7 seconds;

Vert= 200 counts Disp- 1
Energy Counts X~Ray Lines

0.51 538. 0 K , 0 K ,
V L

Preset- Off
ELlapsed13 19 sees

1.25

1.73

3.69

6.38

324.

1000.

197.

108.

fig

Si

Ca

Fe

K

K

K

K

Quantex)
0. 160 Range=

5-Dec-l931 08:31:51
Execution time = 6
22965,4,B,H19,RS
Vert= goo counts

Energy Counts

0.52

1.26

1.74

3.35

3.68

4.01

6.40

843.

751.

1720.

58.

397.

63.

116.

0

Mg

Si

K

Ca

Ca

Fe

»

i

i

i

10

fig

Si

Ca

Fe

.230

K , rig K

K

K

K

keV
T,
A 1

seconds

Disp = 1
X-Ray Lines

K
L

K

K

K

K

K

K

»

»

»

»

i

»

»

°

ig

Si

K

Ca

Ca

Fe

K , V L

K , Mg K

K

K

K

K

K

Integral 0 =
10.230

5826

Preset^ Off
Elapsed- 14 sees

Quantex)
0.160 Range= 10.230 keV

Integral 0
10.230

9282



5-Dec-1991 08552:49
Execution time = 8 seconds
22965,4, B,H27,RS
Vert= 200 counts Disp^ 1

Energy Counts X-Ray Lines

0.51 325.

1.25

1.74

3.67

6.41

147.

574.

103.

96.

OK , 0 K ,
V L

Mg K , Mg K ,

Si K , Si K

Ca K , Ca K

Fe K Fe K

Preset" Off
Elapsed"

Mg K

59 sees

Quantex)
0.160 Range 10.230 keV

5-Dec-1991 08:59:43
Execution time = 7 seconds
22965,4,B,H36,RS
Vert= 200 counts Disp= 1

Energy Counts X-Ray Lines

0.

1.

1.

3.

6.

51

26

74

67

38

220.

139.

412.

75.

66.

0
V

Mg

Si

Ca

Fe

K
L

K

K

K

K

, 0

* Mcj

, Si

, Ca

» Fe

K

K

K

K

K

Integral 0 =
10.230

13852

Mg K

Preset- Off
Elapsed» 28 sees

Quantex)
0.160 Range9 10.230 keV

Integral 0
10.230

4775



S-Dec-1991 09:10:46
Execution time = 6 seconds
22965,4,B,H43,RS p-reset» Off
Vert= SOO counts Disp-- 1 Elapsed- 18 sees

Energy Counts X-Rax Lines

O K . U L . V L . U L .

Zn L , Zn L

Mg K , Mg K

Si K

Ca K

Sc K , Ca K , Ca K

Fe K

10.230 keV 10.230
Integral 0 = 9727

0.52

0.99

1.25

1.74

3.69

4.05

6.38
Quantex>

0.

840.

72.

622.

S022.

501.

68.

160.

160 Rar

0

Zn

Mg

Si

Ca

Sc

Fe

ige=

K »
L

L ,

K '

K »

K »

K ,

K ,

10



.' IJghlO "•'"•.%•'• Mixfctale

Gypsum: II Ve*y Lighl f~l Light D '' ' Moderate

D

Heavy

Voy Heavy Q

Very Heavy Q



27-Dec-1991 10:55:27
Execution time = 6 seconds
22965 SU-3-4,C,01,KK Preset* Off
Vert= 200 counts Disp= 1 Comp= 3 Elapsed= 54 sees

Energy Counts X-Rax Lines

1.27 539. Mg K , rig K , fig K

1.76 1603. Si K , Si K

3.71 459. Ca K , Ca K

Quantex >
0.160 Range= 10.230 keV 10.230

Integral 0 = 12374



27-Dec-1991 10:33:18
Execution time = 208 seconds

2000 counts Disp= 1 Comp= 3
Preset= Off
Elapsed=

Lines of Intensity
interest (cts/sec)

2-sigma error Standard
(relative) spectrum

Na KA
11 g KA
Si KA
Ca KA
Fe KA

7.06
67.73
246.89
74.82
30.82

0.0592
0.0142
0.0071
0.0130
0.0213

83 sees

K-ratio

CHI-SQUARED: 2.1112

Quantex)

0.000 Range= 10.230 keV

27-Dec-1991 10:35:08
Execution time = 5 seconds
•22*^5, SV}-3-'l, C, 02, Tori/

Vert= 2000 counts Disp= 1

Integral 0 =
10.110

20010

Comp= 3
Preset= Off
Elapsed55 83 sees

ELEMENT
& LINE

Na K
rig K
Si K
Ca K
Fe K
0 *

WEIGHT
PERCENT

1.81
12.83
27.52
8.34
4.47
45.03

OXIDE
PERCENT

2.44
21.28
58.87
11.67
5.74

PRECISION
2 SIGMA

0. 14
0.32
0.47
0. 16
0. 13

INTENSITIES

7.06
67.73
246.89
74.82
30.82

NO. OF
CATIONS

0.643
4.313
8.006
1.700
0.653

TOTAL 100.00 15.316

NUMBER OF CATIONS CALCULATED ON BASIS OF 23 OXYGEN ATOMS
* - Determined by stoichiometry

Quantex>
0.000 Ranges 10.230 keV 10.110

Integral 0 = 20010



27-Dec-1991 11:08:38
Execution time = 7 seconds
22965,SU-3-4,C,04,KK Preset* Off
Vert= 200 counts Disp= 1 Contp= 3 Elapsed= 37 sees

Energy Counts X-Ray Lines

1.26 413. Mg K , Mg K , Mg K

1.75 1662. Si K , Si K

3.70 264. Ca K , Ca K

6.40 334. Fe K , Fe K

Quantex)
0.160 Range= 10.230 keV 10.230

Integral 0 = 9862
27-Dec-1991 11:27:34
Execution time = 6 seconds
22965, SW-3-4,C, 07, KK Preset== Off
Vert= 200 counts Disp= 1 Comp= 3 Elapsed= 36 sees

Energy Counts X-Ray Lines

1.27 143. Mg K , tig K , Pig K

1.75 533. Si K , Si K

3.73 129. Ca K

Quantex)
0.160 Range= 10.230 keV 10.230

Integral 0 = 4227



S7-Dec-1991 Ils33:16
Execution time = 7 seconds
22965,SW-3-4,C,08,KK Preset= Off
Vert= 200 counts Disp= 1 Comp= 3 Elapsecl = 40 sees

Energy Counts X-Ray Lines

1.26 272. Mg K , fig K , Mg K

1.75 860. Si K , Si K

3.70 190. Ca K , Ca K

Quantex)
0.160 Range= 10.230 keV 10.230

Integral 0 = 6876
27-Dec-1991 11:35:18
Execution time = 6 seconds
22965,SU-3-4,C,09,KK Preset* Off
Vert*1 200 counts Disp= 1 Comp= 3 Elapsed^ 25 sees

Energy Counts X-Ray Lines

1.26 464. rig K , Mg K , fig K

1.75 1742. Si K , Si K

3.71 385. Ca K , Ca K

6.41 174. Fe K , Fe K

Quantex)
0.160 Range= 10.230 keV 10.230

Integral 0 = 7927



27-Dec-1991 11:38:04
Execution time = 7 seconds
22965,SW-3-4,C,10,KK
Yert= 200 counts Disp= 1 Comp= 3

Energy Counts X-Ray Lines

1.

1.

3.

3.

6.

26

75

30

69

40

468.

2231.

75.

357.

450.

Mg

Si

K

Ca

Fe

K

K

K

K

K

, Mg

, Si

» K

, Ca

, Fe

K

K

K

K

K

, Mg K

Preset== Off
Elapsed= 25 sees

1.

1.

3.

3.

4.

6.

25

75

32

69

03

42

550.

2121.

68.

400.

48.

232.

Mg

Si

K

Ca

Ca

Fe

K

K

K

K

K

K

»

i

i

*

*

i

Preset= Off
Elapsed=

Quantex)
0.160 Range= 10.230keV

Integral 0 =
27-Dec-1991 11:39:23
Execution time = 7 seconds
22965,SU-3-4,C,11,KK
Vert'- 200 counts Disp= 1 Comp= 3

Energy Counts X-Ray Lines

Mg K , Mg K

Si K

K K

Ca K

Ca K

Fe K

10.230
9104

sees

Quantex>
0. 160 Range= 10.230 keV

Integral 0 =
10.230

6953



27-Dec-1991 11:41:58
Execution time = 6 seconds
22965,SW-3-4,C,IS,KK Preset= Off
Vert= 200 counts Disp= 1 Comp= 3 Elapsed= 59 sees

Energy Counts X-Ray Lines

1.27 376. Mt| K , tig K , Up K

1.74 1923. Si K , Si K

3.70 253. Ca K , Ca K

6.41 468. Fe K , Fe K

Quantex)
0.160 Range* 10.230 keV 10.230

Integral 0 = 11671



27-Dec-1991 11:45:24
Execution time = 7 seconds
E2965,SW-3-4,C, 13, KK
Vert= 200 counts Disp= 1 Comp= 3

Energy Counts X-Ray Lines

1.26 463. fig K , Mg K , Mg K

1.76 1527. Si K , Si K

3.70 349. Ca K , Ca K

6.41 181. Fe K , Fe K

Preset= Off
Elapsed= 20 sees

Quantex)
0. 160 Range= 10.230 keV 10.230

Integral 0 = 7189
27-Dec-1991 11:51:35
Execution time = 7 seconds
22965,SU-3-4,C,l^,KK preset= Off
Vert= 200 counts Disp= 1 Comp= 3 Elapsed= 27 sees

Energy Counts X-Ray Lines

1.26 416. rig K , Mg K , Mg K

1.76 1470. Si K , Si K

3.73 366. Ca K

6.43 150. Fe K , Fe K

Quantex>
0.160 Range= 10.230 keV

Integral 0 =
10.230

7905



27-Dec-1991 11:53:43
Execution time = 6 seconds
22965,SW-3-4,C, 15,KK Preset** Off
Vert= 200 counts Disp= 1 Comp= 3 Eilapsed = 27 sees

Energy Counts X-Ray Lines

1.27 550. Mg K , fig K , Mg K

1.75 2149. Si K , Si K

3.70 463. Ca K , Ca K

6.40 222. Fe K , Fe K

Quantex)
0.160 Range= 10.230 keV 10.230

Integral 0 = 9071
27-Dec-1991 11:59:50
Execution time = 7 seconds
22965, SW-3-4,C, 18, KK Preset** Off
Vert= 200 counts Disp= 1 Comp= 3 Elapsed= 24 sees

Energy Counts X-Ray Lines

1.26 314. Pig K , Mg K , Mg K

1.75 1237. Si K , Si K

3.70 307. Ca K , Ca K

6.43 66. Fe K , Fe K

Quantex>
0.160 Range= 10.230 keV 10.230

Integral 0 = 6180



S7-Dec-1991 12-02:00
Execution time = 6 seconds
2e965,SW-3-4,C,19,KK Preset= Off
Vert= 200 counts Disp= 1 Comp= 3 Elapsed= 20 sees

Energy Counts X-Ray Lines

1.26 542. fig K , Mg K , Mg K

1.75 1765. Si K , Si K

3.72 466. Ca K , Ca K

4.03 69. Ca K , Ca K

6.40 142. Fe K , F:e K

Quantex)
0.160 Range= 10.230 keV 10.230

Integral 0 = 7674



TABLE 3. CLASSIFICATION OF FIBERS WITH TUBULAR MORPHOLOGY

TM - Tubular Morphology not sufficiently characteristic
for c l ass i f i ca t i on as chrysoti le

CM - Character ist ic Chrysoti le Morphology

CD - Chrysotile SAED pattern

CQ • ChrysotHe composit ion by Quant i ta t ive EDXA

CMQ - Chrysotile Morphology and composition by
Quanti tat ive EDXA

CDQ - Chrysotile SAED pattern and composit ion by
Quantitative EDXA

NAM - Non-Asbestos Mineral

TABLE 4. CLASSIFICATION OF FIBERS WITHOUT TUBULAR MORPHOLOGY

UF - Unidentified Fiber

AD - Amphibole by random orientat ion SAED !$hows layer
pattern of 0 .53 nn spac ing)

AX - Amphibole by qual i ta t ive EDXA. Spectrum has elemental
components consis tent with amphibole

ADX - Amphibole by random orientation 5AED and Qual i ta t ive
EDXA

AQ - Amphibole by Quant i tat ive EDXA

AZ - Amphibole by .one Zone Axis SAED

ADQ - Amphibole by random orientation SAED and Quant i ta t ive
EDXA

AZQ - Amphibole by one Zone Ax is SAED pattern and Quantitative
EDXA

AZZ - Amphibole by two Zone A x i s SAED patterns with consistent
Inter-axial angle

AZZQ - Amphibole by two Zone Ax i s SAED pat terns, cons is ten t
inter-6xial ancle and Quant i ta t ive EDXA

NAM - Non-Asbestos Mineral



Analysis of Water by Transmission Electron Microscopy
( E P A - 6 0 0 / 4 - 8 3 - 0 4 3 )

EMS No. 22965 Client SCHAFER&ASSOC.

Sample No. SW-4-4

Date 12/27/91

Total Asbestos Fibers 4 MFL

Chrysotile Fibers *BDL MFL
Amphibole Fibers 4 MFL

> 5 Micron length (chrysolite) *BDL MFL
> 5 Micron length (amphibole) 1.1 MFL

Mass (Chrysotile) _ *BDL
Mass (amphibole) _ 6.4 __ ng/L

More/Less than 5 Chrysotile
Fibers in Sample _ LESS _
More/Less than 5 Amphibole
Fibers in Sample _ MORE __

Poisson 95% Confidence Interval 3_ to 5.2 MFL

Detection Limit 0.07 MFL
* BDL : Below Detection Limit; MFL: Million Fibers per Liter

Size Distribution (Chrysotile and Amphibole)

Particle Length - Microns
O -0.49 0.50 - 0.99 1.00 - 1.49

0 9 5

Particle Width -
O - .04 .05 - .09 .1 - .14

0 4 14

Aspect Ratio
0 - 9.9 10 - 19.9 20 - 29.9

18 22 8

1.50 - 1.99 2.00 - 2.49

5 5

Microns
.15 - .19 .2 - .24

9 6

L/W
30 - 39.9 40 - 49.9

3 2

2.5 & UP

30

.25 & UP

21

50 & UP

1

EMS LABORATORIES 117 West Bellevue Drive / Pasadena CA 91105-2503 / 818-568-0800
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MICROSCOPE
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GRID
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Camera Constant '1$* *"7

Accelerating Voltage IUUKV

Beam Oiricnl \-Lz. |U

Analyst .tell/2-'DJIC J

Grid opening Str # tr
Dimensions (mm)
Width Length

Fiber Classification
MAM TM CM CD OQ CMD COQ LF AD AX ADX AQ ADQ A2Q AZ2 Na Mg Si Ca Fe

EDS Analysis
Comments
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27-Dec-1991 16:22:51 22965,SW-8-4,ft,01, R1

ENERGY COUNTS X-RflY LINES

1.02 112. Na Kftl, Na Kft2, Na KB1, Zn l-ftl, Zn Lft2, Zn LB1,
Zn LG1

1.27

1.76

3.34

3.71

4,. 06

4.99

5., 45

6.41

7.09

2342. 11 g Kfll, Ilij Kfl2, 11 g KB1

8840. Si Kftl, Si Kfl2

314. K Kftl, K Kft2

1641. Ca KA1, Ca KflS

135. Sc Kfll, Sc K«2

91. V Kftl

354. Cr Kftl, V KB1, V

928. Fe Kftl, Fe Kft2

KB3

113. Fe KB1, Fe KB3
27-Dec-1991 16:26:30
Execution time = 6 seconds
22965, SW-8-4, ft, 02, FM
Vert= 200 counts Disp= 1

Energy Counts X-Ray Lines

1.25 337. llg K ,

1.75 1374. Si K ,

3.70 147. Ca K ,

6.42 162. Fe K ,

Mg K

Si K

Ca K

Fe K

Preset= Off
Elapsed:= 30 sees

tig K

Quantex)
0. 160 Range- 10.230 keV

Integral 0 =
10.230

8613



27-Dec-1991 16:33:58
Execution time = 6 seconds
25965,SW-8-4,ft,04,FM
Vert= £00 counts Disp= 1

Energy Counts X-Ray Lines

1.27 520. Mg K , Mg K , Itg K

1.75 1850. Si K , Si K

3.70 499. Ca K , Ca K

6.40 165. Fe K , Fe K

Preset== Off
Elapsed= 27 sees

Quantex)
0. 160 Range= 10.230 keV

27-Dec-1991 16:39:25
Execution time = 6 seconds
22965,SW-8-4,ft,06,FM
Vert= 500 counts Disp= 1

Energy Counts X-Ray Lines

Integral 0 =
10.230

9734

Preset= Off
Elapsed= 25 sees

1.26 1553. Mg K , Mg K , Mg K

1.75 6106. Si K , Si K

3.70 743. Ca K , Ca K

4.05 74. Sc K , Sc K , Ca K , Ca K

6.40 524. Fe K , Fe K

7.07 68. Fe K , Fe K

Quantex)
0.160 Range= 10.230 keV

Integral 0 =
10.230

S1020



27-Dec-1991 16:44:44
Execution time = 6 seconds
22965,SU-8-4,fl,o£,FM Preset" Off
Vert= 200 counts Disp= 1 Elapsed= 26 sees

Energy Counts X-Ray Lines

1.02 112. Na K , Na K , Na K , Zn L , Zn L ,
Zn L , Zn L

1.26 775. Mt| K , Mg K , tig K

1.75 2945. Si K , Si K

3.69 295. Ca K , Ca K

6.41 625. Fe K , Fe K

Quantex)
0.160 Range= 10.230 keV 10.230

Integral 0 = 13850



27-Dec-1991 16:54:17 22963,SW-8-4,fl, 12,FI1

ENERGY COUNTS

1.02

1.27

1.75

3.34

3.71

4. 10

6.41

7.07

109.

2373.

8627.

368.

786.

94.

1387.

220.

X-RAY LINES

Na Kfll, Na KA2, Na KB1, Zn LAI, Zn Lfl2, Zn LB1,
Zn LG1

llg Kfll, llg KA2, llg KB1

Si Kfll, Si Kfl2

K Kfll, K KA2

Ca Kfll, Ca Kfl2

Sc Kfll, Sc Kfl2

Fe Kfll, Fe Kfl2

Fe KB1, Fe KB3



27-Dec-1991 16:57:36 £8965,SW-8-4,ft,13,FM

ENERGY COUNTS X-RflY LINES

0.74

1.26

1.75

3.34

3.70

4.03

6.43

7.02

122.

1087.

4098.

95.

1030.

93.

405.

128.

Fe LAI,

I1g Kftl,

Si Kftl,

K Kftl,

Ca Kftl,

Ca KB1,

Fe Kftl,

Fe KB1,

Co Lftl, Fe LA2,

Pig Kft2, 11 Q KB1

Si KPI2

K Kfi2

Ca Kft2

Ca KB3

Fe Kft2

Fe KB3

27-Dec-1991 17:04:35
Execution time = 7 seconds
22965, SW-8-4, ft, 14, FM
Vert= 500 counts Disp= 1

Energy Counts X-Ray Lines

1.26

1.75

3.33

3.70

4.03

6.40

7.05

1502.

5193.

144.

926.

98.

443.

91.

Mg K , llg K

Si K. , Si K

K K , K K

Ca K , Ca K

Ca K , Ca K

Fe K , Fe K

Fe K , Fe K

Preset= Off
Elapsed= 34 sees

, Mg K

Quantex)
0. 160 Range= 10.230 keV

Integral 0 =
10.230

22791



27-Dec-1991 17:14:S5
Execution time = 7 seconds
22965, SU-8-4, A, 18, FI1
Vert = 500 counts Disp= 1

Energy Counts X-Ray Lines

Preset^ Off
Elapsed- 26 sees

1.27

1.75

3.32

3.71

6.42

7.03

1627. rig K , Kg K , Mg K

5446. Si K , Si K

152. K K , K K

889. Ca K , Ca K

684. Fe K , Fe K

76. Fe K , Fe K

Ouantex>
0. 160 Range= 10.230 keV

27-Dec-1991 17:31:10
Execution time = 7 seconds
22965, SW-8-4,fl,£p,FI1
Vert= 500 counts D.isp= 1

Energy Counts X-Ray Lines

Integral 0 =
10.230

20279

Preset= Off
Elapsed= 26 sees

1.02 324. Na K , Na K , Na K

1.

1.

4.

6.

7.

25

75

95

41

07

1281.

7251.

126.

2458.

330.

4_ 1 1

ftg

Si

V

Fe

Fe

Iw

K

K

K

K

K

, Si

, V

, Fe

, Fe

i_

K

K

K

K

K

Zn L Zn L

Mg K

Quantex>
0.160 Range= 10.230 keV

Integral 0 =
10.230

24439



27-Dec-1991 17:35:08
Execution time = 6 seconds
22965, SW--8-4,fl, 28, FI1 Preset= Off
Vert:= 200 counts Disp= 1 Elapsed* 26 sees

Energy Counts X-Ray Lines

1.26 498. Mg K , Mg K , Mg K

1.74 1679. Si K , Si K

3.70 252. Ca K , Ca K

6.40 233. Fe K , Fe K

Quantex)
0.160 Range= 10.230 keV 10.230

Integral 0 = 8109
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17-Dec-1991 08:55:50
Execution time = 6 seconds

Vert= SOO counts Disp~ 1
Energy Counts X-Ray Lines

0.52 713.

1.25

1.75

3.69

6.40

498.

1374.

175.

173.

0 K , 0 K , V L
V L

Mg K , Mg K , fig K

Si K , Si K

Ca K , Ca K

Fe K , F:e K

Preset" Off
Elapsed" 28 sees

L. ,

Quantex)
0.160 Range= 10.230 k

17-Dec-1991 08:58:13
Execution time = 6 seconds
22965,4,B,H03,RS
Vert88 £00 counts Disp= 1

Energy Counts X-Ray Lines

1.74 124. Si K Si K

10.230
Integral 8 •- 232

Preset" Off
Elapsed= 34 sees

Quantex)
0.160 Range= 10.230 keV 10.230

Integral 8 8



17-Dec-1991 03:04:58
Execution time = 5 seconds
22965,4,B,«04,RS Preset" Off
Vert= 200 counts Disp- 1 Elapsed= 20 sees

Energy Counts X-Ray Lines

0.52 290. OK ,OK , V L , V L , V L ,
V L

1.26 215. Mg K , M|3 K , Mg K

1.75 602. Si K , S:i K

3.69 108. Ca K , Ca K

6.41 52. Fe K , F:e K

Guantex>
0.160 Range= 10.230 keV 10.230

•Integral 8 ~ 97



17-Dec-1991 09:10:09 22965,4,B,«07,RS

ENERGY COUNTS X-RAY LINES

0.52

1.03

1.26

1.74

3.70

6.41

647.

95.

214.

1325.

514.

441.

0 KA1, 0 KA2, V LAI, V LA2, V LB1, LG1

Na KA1, Na KA2, Na KB1, Zn LAI, Zn LA2f Zn LSI,
Zn LG1

llg KA1, Mg KA2, llg KB1

Si KA1, Si KA2

Ca KA1, Ca KA2

Fe KA1, Fe KA2
17~Dec-1991 09:15:25
Execution time = 7 se?conds
22965,4,B,810,RS • Preset* Off
Vert= 200 counts Disp= 1 Elapsed=

Energy Counts X-Ray Lines
28 sees

0.

1.

1.

3.

3.

4.

52

26

74

28

70

03

6.41
Quantex>

0.

652.

455.

1411.

57.

244.

51.

177.

160 Rav

0
V

Mg

Si

K

Ca

Ca

Fe

ige=

K
L

K

K

K

K

K

K

, 0

» fa

, Si

» K

, Ca

, Ca

, Fe

10.230

K

K

K

K

K

K

K

k

i

»

eV

Mg K

10.230
Integral 8 = 348



17-Dec-1991 09:1 '3: 45
Execution time = 5 seconds
22965, 4, B, Nil, RS
Vert = SOO counts Disp= 1

Energy Counts X-Ray Lines

0.52

1.E6

1.75

6.41

£92. 0 K ,0 K , V L
V L

137. tig K , Fig K , rig K

620. Si K , Si K

173. Fe K , Fe K

Preset58 Off
Elapsed55 21 sees

Quantex)
0.160 Range5 10.230 keV

17-Dec-1991 09:24:02
Execution time = 8 seconds
22965,4,B,ttl£,RS
Vert55 200 counts Disp= 1

Energy Counts X-Ray Lines

0.52 582. OK , 0 K ,
V L

Integral 8
10.230

99

1.

1.

3.

6.

26

74

69

39

395.

1095.

220.

77.

Mg

Si

Ca

Fe

K

K

K

K

i

t

i

»

Mg

Si

Ca

Fe

K

K

K

K

, fig K

Preset=» off
Elapsed58 31 sees

, V , V

Quantex)
0. 160 Range55 10.230 keV 10.230

Integral 8 411



17-Dec-1991 09:26:50
Execution time = 7 seconds
22965,4,B,H14,RS Preset* Off
Vert= 300 counts Disp= 1 IElapsed = 28 sees

Energy Counts X-Ray Lines

. O K , V L ' , V L , V L ,

Mg K , fig K

0.52

1.25

1.74

3.70

6.41

678.

496.

1586.

333.

133.

0
V

Mg

Si

Ca

Fe

K
L

K

K

K

K

Quantex)
0.160 Range* 10.230 keV 10.230

Integral 8 * 418
17-Dec-1991 09:29:26
Execution time = 6 seconds
22965,4,B,HIS,RS Preset* Off
Vert* 500 counts Disp= 1 Elapsed- 20 sees

Energy Counts X-Ray Lines

0.51 366. O K , O K , V L , V L , V L ,

Mg K1.

1.

3.

6.

25

74

71

40

258.

553.

80.

73.

V

Mg

Si

Ca

Fe

L

K

K

K

K

, rig

, Si

, Ca

, Fe

K

K

K

K

Quantex)
0.160 Range* 10.230 keV 10.230

Integral 8 = 112



17-Dec-1991 09:36:56
Execution time = 6 seconds
22965,4,B,W16,RS
Vert= 500 counts Disp = 1

Energy Counts X-Ray Lines

0.51 1128. 0 K , 0 K
V L

1.

1.

1.

2.

6.

26

49

74

64

40

1386.

51.

1739.

55.

115.

Mg

PI

Si

Cl

Fre

K

K

K

K

K

i Mc|

, Al

, Si

, Cl

t ""

K

K

K

K

K

, I1t| K

Preset= Off
Elapsed= 16 sees

Quantex>
0.160 Range= 10.230 keV 10.230

Integral fl = 368
17-Dec-1991 09:38:57
Execution time = 6 seconds
22965,4,B,»17,RS Preset= Off
Vert= 500 counts Disp3 1 Elapsed- 29 sees

Energy Counts X-Ray Lines

0.51 462. O K , O K , U L , V L , V L ,
V L

1.S5 £27. Mg K , Mg K , Mg K

1.74 878. Si K , Si K

6.40 136. Fe K , Fe K

Quantex)
0.160 Range' 10.230

Integral 8
10.230

127



4
MS Lab

ample Nb. U

Grid nlnq Sir f s t r
Dimensions (mm)
Width Length

Fiber Classification
NAMTM CD GQ IF AD AX ADX AOlADO AZDIAZZ

EDS Analysis
Si ft) Id

T.*L
lo. ^ TnL^.t'-L

£L
p_

£121 £:
2C2.

I£L
^1L

K

oZ
£

is:
10

£

DRS:T5B5BtVAT
Dchrb:13̂  VnyLifhlD

VayUghlCD

Ughl

Light O

Modcnlc Q "'" . Ifcavy D VefylfcavyO

Moderate Q Heavy Q Vciy Heavy O



lS-Dec-1991 15:21:00
Execution time = 6 seconds
82965,4,1-D,01,F.M.
Vert= 100 counts Disp= 1

Energy Counts X-Ray Lines

1.27 80. fig K , Mg K , llg K

1.75 324. Si K , Si K

6.40 58. Fe K , Fe K

Preset= Off
Elapsed= 13 sees

Quantex)
0.000 Range= 10.230 keV

18-Dec-1991 15:23:03
Execution time = 6 seconds
22965,4,1-D,02,F.M.
Vert= 200 counts Disp= 1

Energy Counts X-Ray Lines

llg K , Mg K , Mg K

Si K , Si K

Ca K , Ca K

Fe K , Fe K

Integral 0
10.110

3175

Preset= Off
Elapsed= 32 sees

1.26

1.75

3.70

6.4O

279.

1151.

190.

2O9.

Quantex>
0.000 Ranges 10.230 keV

Integral 0 =
10.110

8597



18-Dec-1991 15:28:38
Execution time = 6 seconds
22965,4,1-0,03,P.M.
Vert= 200 counts Disp= 1

Energx Counts X-Ray Lines

1.28 493. tig K , Mg K , Mg K

1.77 1785. Si K , Si K

3.72 272. Ca K , Ca K

6.42 262. Fe K , Fe K

Preset= Off
Elapsed= 27 sees

Guantex>
0.000 Range- 10.230 keV

18-Dec-1991 15:31:43
Execution time = 7 seconds
22965,4,1-D,04,F.M.
Vert= 200 counts Disp= 1

Energy Counts X-Ray Lines

Mg K , Mg K , Mg K

Si K , Si K

K K , K K

Ca K , Ca K

Fe K , Fe K

Integral 0
10.110

12140

Preset= Off
Elapsed= 28 sees

1.28

1.76

3.34

3.71

6.42

288.

1416.

79.

144.

259.

Quantex)
0.000 Range= 10.230

Integral 0 =
10.110

11718



18-Dec-1991 15:38:27
Execution time = 6 seconds
22965,4,1-0,05,P.M.
Vert= 200 counts Disp= 1

Energy Counts X-Ray Lines

1.27 269. rig K , fig K , (1g K

1.76 1055. Si K , Si K

3.72 200. Ca K , Ca K

6.40 164. Fe K , Fe K

Preset= Off
Elapsed= 34 sees

Quantex)
0.000 Range= 10.230 keV

18-Dec-1991 16:07:10
Execution time = 6 seconds
22965,4,1-D,IS,P.M.
Vert= 200 counts Disp= 1

Energy Counts X-Ray Lines

Integral 0 =

Preset-- Off
Elapsed=

10.110
9889

36 sees

1.27 324. Mg K , fig K , Mg K

1.75 1368. Si K , Si K

3.71 179. Ca K , Ca K

6.4O 242. Fe K , Fe K

Quantex)
0.000 Range= 10.230 keV

Integral 0 =
10.110

9128



18-Dec-1991 16:23:01
Execution time = 6 seconds
22963,4,1-D,17,F.M. p-reset= Off
Vert= 500 counts Disp= 1 Elapsed= S8 sees

Energy Counts X-Ray Lines

1.86 1245. fig K , Mg K , fig K

1.75 4690. Si K , Si K

3.33 238. K K , K K

3.71 583. Ca K , Ca K

6.42 459. Fe K , Fe K

Quantex)
0.000 Range= 10.230 keV 10.110

Integral 0 = 19672



TABLE 3. CLASSIFICATION OF FIBERS WITH TUBULAR MORPHOLOGY

TM - Tubular Morphology not sufficiently characteristic
for classification as chrysotlle

CM • Characteristic Chrysotile Morphology

CO - Chrysotile SAEQ pattern

CQ - Chrysotile composition by Quantitative EDXA

CMQ - Chrysotile Morphology and composition by
Quantitative EDXA

CDQ - Chrysotile SAED pattern and composition by
Quantitative EDXA

NAM - Non-Asbestos Mineral

TABLE 4. CLASSIFICATION OF FIBERS WITHOUT TUBULAR MORPHOLOGY

UF - Unidentified Fiber

AD - Amphibole by random orientation SAED !shows layer
pattern of 0.53 nn spacing)

A* • Amphibole by qualitative EDXA. Spectrum has elemental
components consistent with amphibole

AOX - Amphibole by'random orientation SAED and Qualitative
EDXA

AQ • Amphibole by Quant'tative EDXA
Az - Amphibole by one Zone Axis SAED
A°Q - Amphibole by random orientation SAED and Quantitative

EDXA
AZQ • Amphibole by one Zone Axis SAED pattern and Quantitative

EDXA

Azz • Amphibole by two Zone Axis SAED patterns with consistent
Inter-axial angle

AZZQ - Amphibole by two Zone Axis SAED patterns, consistent
inter-oxial ancle and Quantitative EDXA

NAM - Non-Asbestos Mineral



Analysis of Water by Transmission Electron Microscopy
( E P A - 6 0 0 / 4 - 8 3 - 0 4 3 )

EMS No. 22965 Client SCHAFER&ASSOC.

Sample No. SW-5-4

Date 12/20/91

Total Asbestos Fibers 1.5 MFL

Chrysotile Fibers *BDL MFL
Amphlbole Fibers 1.5 MFL

> 5 Micron length (chrysotile) *BDL MFL
> 5 Micron length (amphibole) 0.6 MFL

Mass (Chrysotile) _ *BDL
Mass (amphibole) _ 8.8

More/Less than 5 Chrysotile
Fibers in Sample _ LESS
More/Less than 5 Amphibole
Fibers in Sample _ LESS

Poisson 95% Confidence Interval 0.5 to 3.5 MFL

Detection Limit 0.3 MFL
* BDL : Below Detection Limit; MFL: Million Fibers per Liter

Size Distribution (Chrysotile and Amphibole)

Particle Length - Microns
O -0.49 0.50 - 0.99 1.00 - 1.49 1.50 - 1.99 2.00 - 2.49 2.5 & UP

1 1

Particle Width - Microns
O - .04 .05 - .09 .1 - .14 .15 - .19 .2 - .24 .25 & UP

Aspect Ratio L/W
0 - 9.9 10 - 19.9 20 - 29.9 ' 30 - 39.9 40 - 49.9 50 & UP

1 3 0 Q 0 1

EMS LABORATORIES 117 West Bellevue Drive /Pasadena CA 91105-2503 / 818-568-0800



i'ttM AObto 1O5 AJN ALY 515
•MS Lab No.^

FILTER TYPE/AREA (

>ample No..

METHOD OF ANALYSIS i
EPA Yamaie Level I Q

Level >»C3
Level III n

AHERA i 1

I ASPECT RATIO 3:1 G3'3:1

Appnw>rf Ry

LENGTHS

~AII Sizes (EPA) CD

MCE/960

Oiha

TYPE OF SAMPLE PORE SITE

Water J2J 0.45

DIRECT PREP 121

aINDIRECr 1-KliP

B .=a
Other IH3

O.8 (on

210.0 Q

PCM Rwige* 1 1

Dtte.

Dim/Mkrovac

G.O. Are*(mm}> O.Q

No. of G.0.10 Analyze

_ Filler Lot No.

0-hcr

•i • i

D

Volume

Working VoJu

Weight

AihedAre*

lilen

ml

gram*

Prepared By.

GRID

GridAddre-oi
Screen Magni

Ccmen Constant

Accckralinp Volla

Beam Current

Aiulysl

MICROSCOPE

600A

600BB
HUIIECD

UUII5F.C3

Grir̂ openlng

(]}

r^)
(^Y-J^L.
(&

f~fyj

^r"

.

Str *

ĤH/v^1

'

^fj^t
A/ 5^

Str

fl

Dimensions (mm)
Width

<^

K^
,

Length

L/2^

-^c"

•* r~i

Fiber Classification
NAM

\/

TM CM CD CQ CMD CDQ LF

,

AQ

*

AX ADX AQ ADO AZQ A27

EDS Analysis
Na Mq

/.
Si

^O

Ca
->

R,
f

d

f
Comments

fr/noLir

OBSERVATIONS: Clean LI
Debris: G

Gypsum: G
Oiher G

VeryLigta G
Vcay Light CJ

Light LJ
Light LJ

Modeme lG Heavy LJ Very Heavy IJ
Moderate D Heavy G Very Heavy [ J



20-Dec-1991 09:37:23
Execution time = 6 seconds
22965,5-4,fl,«01,RS Preset- Off
Vert= 200 counts Disp= 1 Elapsed= 21 sees

Energy Counts X-Ray Lines

1.27 129. Hg K , Mg K , Pig K

1.75 650. Si K , Si K

3.72 143. Ca K , Ca K

6.41 68. Fe K , Fe K

Quantex)
0.000 Range** 10.230 keV 10.110

Integral 8 = 104



eO-Dec-1991 09:34:59 S2965,5-4,A,«02,RS

ENERGY COUNTS X-RAY LINES

1.00 187. Na KA1, Na KA2, Zn LAI, 2n LA2, Zn LB1, Zn LG1

e.oi see. p KAI, p K«E

E.31 184. S KAl, S KAS

£.63 414. Cl Kfll, Cl KA2

3.31 121. K Kfll, K KA2

3.69 371. Ca KA1, Ca KA2

5.91 115. Mn KA1, Mn Kft2

6.41 377. Fe Kfll, Fe KA2



MS Lab

imple N:o.

4 £5 MICROSCOPE.

GRID

.a
CridAdJfcu

6008 J

IIUIIE|_
MiizseQ

O

K.V
i*»

Grid openlnq

)

Q

2»

Cf

r~-
6. •

Str ff

f .

Sir

f^"

-C.

A/l/2
MAO
Nfffi
r^~t\O
(\i4u

OBSEKVATTON

Dimensions (mm)
Width

W

Length

ftfn

'

'

• • •

Fiber Classification

NAM

-

' '

TM CM

I

1

. ..

T) DO

,_

HMO ID

1

If AD AX ADX

1

|

1

AO MX)

u-
A7Q A77

EDS Analysis

Na Mfl Si Ca R» d Comments

I

_______

S: Clean L_h ;. .-. . . . ' ' +^S ' ' ^ • : - - ' - ' - ' • ' ' ' ' } - : • • • ' "'' ' • • • • - • : " "
V Debris: 0^ Very Light D IJeM 13T" v V MoJcialc Q^ " :: lleavy D ; Veiy Heavy O '

" '. Gypxwn: LJ Very l.ig.h» f~l Ughi D ' ' MoJciaic CH Ihavy f~l Very Heavy Q



7-Jan-1992 14:49:35
Execution time = 6 seconds
22965-5-4,B.tt01,Sft Preset~ Off
Vert-- £00 counts Disp= 1 Elapsed= 33 sees

Energy Counts X-Ray Lines

1.26 1336. Mg K , fig K , Ng K

1./4 5021. Si K , Si K

3.70 1215. Ca K , Ca K

4.03 135. Ca K , Ca K

6.40 565. Fe K , Fe K

Ouantex)
0.160 Range= 10.230 keV 10.230

.. . Integral 0 = 23194





SO-Dec-1991 10:15:22
Execution time = 7 seconds
22965, 5-4, g>, HOI, RS
Vert= 200 counts Disp= 1

Energy Counts X-Ray Lines

Preset= Off
Elapsed= 19 sees

1.25

1.75

3.33

3.70

4.02

6.42

7.09

850. Mg K , Mg K , Mg K

2846. Si K , Si K

70. K K , K K

502. Ca K , Ca K

50. Ca K , Ca K

250. Fe K , Fe K

52. Fe K , Fe K

Quart tex>
0.000 Range= . 10.230 keV

TV-X 1

20-Dec-1991 10:19:54
Execution time = 7 seconds
22965, 5-4,$., «02,RS
Vert- 200 counts Disp= 1

Energy Counts X-Ray Lines

1.26

1.76

3.70

6.40

256. Mg K , Mg K , Mg K

855. Si K , Si K

133. Ca K , Ca K

151. Fe K , Fe K

10.110
Integral 8 =

Preset= off
Elapsed=

389

31 sees

Quantex)
0.000 Range" 10.230 keV 10.110

Integral 8 = 122



20-Dec-1991 10:30:10
Execution time = 6 seconds
22965,5-4,C,tt03,RS
Vert- 200 counts Disp= 1

Energy Counts X-Ray Lines

1.. 27 614. Mg K , Mg K , Mg K

1..75 1895. Si K , Si K

3.70 350. Ca K , Ca K

6..41 161. Fe K , Fe K

Preset= Off
Elapsed= 19 sees

Quantex)
0.000 Range- 10.230 keV 10.110

aO-Dec-1991 10:34:09
Execution time = 6 seconds
23965,5-4,C,«04,RS
Vert= 200 counts Disp= 1

Energy Counts X-Ray Lines

1.25 131. Mg K , Mg K , Mg K

1.75 470. Si K , Si K

3.71 88. Ca K , Ca K

Integral 8 =

Preset= Off
Elapsed=

236

24 sees

Quantex>
0.000 Range- 10.230 keV 10.110

Integral 8 = 64



eO-Dec-1991 10:48:21
Execution time = 6 seconds
22965,5-4,C,«05,RS Preset= Off
Vert- 200 counts Disp= 1 Elapsed= 34 sees

Energy Counts X-Ray Lines

tig K1..26

1.75

G.42

105.

487.

153.

Mg K

Si K

Fe K

, llg K

, Si K

, Fe K

Ouantex)
0.000 Range= 10.230 keV 10.110

Integral 8 = 68



TABLE 3. CLASSIFICATION OF FIBERS WITH TUBULAR MORPHOLOGY

TH • Tubular Morphology not suf f ic ient ly characteristic
for c lass i f i ca t i on as Chrysoti le

CM - Character ist ic Chrysot i le Morphology

CD • Chrysoti le SAED pattern

CQ • Chrysotile composition by Quant i ta t ive EOXA

CMQ - Chrysoti le Morphology and composition by
Quant i tat ive EOXA

CDQ - Chrysoti le SAED pattern and composi t ion by
Quant i tat ive EDXA

NAM • Non-Asbestos Mineral

TABLE 4. CLASSIFICATION OF FIBERS WITHOUT TUBULAR MORPHOLOGY

UF - Unidentified Fiber

AD - Amphibole by random or ientat ion SAED !shows layer
pattern of 0.53 nn spac ing )

AX - Amphibole by qualitat ive EDXA. Spectrum has elemental
components consis tent with amphibole

ADX • Amphibole by random orientation SAED and Qual i ta t ive
EDXA

AQ - Amphibole by Quant i tat ive EDXA

AZ - Amphibole by'one Zone Ax is SAED

AOQ - Amphibole by random orientation SAED and Quant i tat ive
EDXA

AZQ - Amphibole by one Zone Axis SAED pattern and Quantitative
EDXA

AZZ - Amphibole by two Zone Ax is SAED pat terns with consistent
Inter-axial angle

AZZQ • Amphibole by two Zone Axis SAED patterns, consistent
in ter-ax ia l ancle and Quant i ta t ive EDXA

NAM « Non-Asbestos Mineral



Analysis of Water by Transmission Electron Microscopy
( E P A - 6 0 0 / 4 - 8 3 - 0 4 3 )

EMS No. 22965 Client SCHAFER&ASSOC.

Sample No. SW-6-4

Date 1 /7 /92

Total Asbestos Fibers 2 7 MFL

Chrysotile Fibers *BDL MFL
Amphibole Fibers 27 MFL

> 5 Micron length (chrysotile) *BDL MFL
> 5 Micron length (amphlbole) 5.1 MFL

Mass (Chrysotile) *BDL ng/L
Mass (amphibole) 52

More/Less than 5 Chrysotile
Fibers in Sample . LESS
More/Less than 5 Amphibole
Fibers in Sample MORE

Poisson 95% Confidence Interval 20 to 36 MFL

Detection Limit 0.6 MFL
* BDL : Below Detection Limit; MFL: Million Fibers per Liter

Size Distribution (Chrysotile and Amphibole)

Particle Length - Microns
O -0.49 0.50 - 0.99 1.00 - 1.49

0 3 8

Particle Width -
O - .04 .05 - .09 .1 - .14

0 2 11

Aspect Ratio
0 - 9.9 10 - 19.9 20 - 29.9

21 12 5

1.50 - 1.99 2.00 - 2.49

1 4

Microns
.15 - .19 .2 - .24

6 7

L/W
30 - 39.9 40 - 49.9

7 1

2.5 & UP

32

.25 & UP

22

50 & UP

2

EMS LABORATORIES 117 West Bellevue Drive/Pasadena CA 91105-2503 / 818-568-0800
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3-Jan-1992 08:03:31
Execution time = 6 seconds
22965,6,ft,ttO^., RS preset= Off
Vert= 200 counts Disp- 1 Elapsed85 21 sees

Energy Counts X-Ray Lines

Mg K1.27

1.74

3.69

4.00

6.38

507.

1942.

456.

61.

112.

Mg

Si

Ca

Ca

Fe

Quantex)
0. 160 Range=

3-Jan-1992 08:06:35
Execution time » 6
22965,6,fl,H03,RS
Vert=> 200 counts

Energy Counts

' 1.S6

1.73

3.69

6. 38

111.

492.

97.

100.

Mg

Si

Ca

Fe

K ,

K ,

K ,

K ,

K ,

10.

Mt| K

Si K

Ca K

Ca K

Fe K

230 k

seconds

Disp= 1
X-Ray Lines

K ,

K ,

K ,

K ,

Mt| K

Si K

Ca K

Fe K

10.230
'Integral 0 = 9926

Preset= Off
E-:iapsed = 36 sees

, Mg K

Quantex>
O.lfcO Range= 10.230 keV 10.230

Integral 0 = 8313



3-Jan-1992 08:08:82
Execution time = 8 seconds
32965,6, ft, *»04,RS
Vert= 200 counts Disp= 1

Energy Counts X-Ray Lines

1.24 459. Mg K , Mt| K

1.74 1823. Si K , Si K

3.69 479. Ca K , Ca K

6.40 238. Fe K , Fe K

Preset88 Off
Elapsed= SO sees

Guantex>
0. 160 Range* 10.S30 keV

3-Jan-1992 08:09:26
Execution time = 6 seconds
22965, 6, A, HÔ , RS
Verti= 200 counts I)isp= 1

Energy Counts X-Ray Lines

1.25 33S. Me) K , Mg K , tit) K

1.74 1274. Si K , Si K

3.69 213. Ca K , Ca K

Integral 0
10.230

9853

Preset88 Off
Elapsed== 19 sees

Ouantex)
0. 160 Range= 10.230 keV

Integral 0 ~
10.230

7653



3-Jaiv-1992 08:10:26
Execution titye = & seconds
22965., 6, A, WORK'S
Vert= 200 counts Disp= 1

Energy Counts X-Ray Lines

1.25 239. rig K , Mg K , Mg K

1.74 986. Si K , Si K

3.68 157. Ca K , Ca K

6.39 159. Fe K , Fe K

Preset- Off
Elapsed3 22 sees

Quantex>
0. 160 Range- 10.230 k

3-Jan-1992 08:11:45
Execution time = 6 seconds
22965,6,fl,tt07,RS
Vert= 200 counts Disp= 1

Energy Counts X~Ray Lines

1.25 318. Mg K , Mg K , fig K

1.73 1116. Si K , Si K

3.70 226. Ca K , Ca K

6.39 157. Fe K , Fe K

•Integral 0 =
10.230

7233

Preset- Off
Elapsed- 26 sees

Quantex)
0. 160 Range- 10.230

Integral 0 -
10.230

8693



3»Jan-1992 08:14:57
Execution time = 6 seconds
22965,6,A,H08,RS
VertB! SOO counts D.isp= .1

Energy Counts X-Ray Lines

1.27 168. Pig K , Ph| K , Pig K

1.75 850. Si K , Si K

3.69 73. Ca K , Ca K

6.41 177. Fe K , Fe K

Preset* Off
Elapsecl- 27 sees

Quantex)
0.160 Range5 10.230

3-Jan-1992 08:16:06
Execution time = 7 seconds
22965,.6,Pl,H09,RS
Vert= 200 counts Disp58 1

Energy Counts X-Ray Lines

l.HG 63. Pig K , Pip K , Pip K

1.74 320. Si K , Si K

6.44 59. Fe K

Integral 0 =
10.230

7900

Preset= Off
Elapsed= 33 sees

Quantex)
0. 160 Range= 10.230

Integral 0
10.230

7414



3-Jan-1992 08:28:58
Execution time = 6 seconds
22965,6,A,Nil,RS
Vert= 200 counts Disp= .1

Energy Counts X-Ray Lines

1.26 S59. Mg K , Mg K , Kg K

1.74 1914. Si K , Si K

3.69 440. Ca K , Ca K

6.42 90. Fe K , Fe K

Preset- Off
Elapsed1* £6 sees

Quantex)
0.160 Range= 10.230 keV

3-Jan-1992 08:35:30
Execution time = 7 seconds
22965,6,ft,H14,RS
Vert5* 500 counts Disp= 1

Energy Counts X-Ray Lines

1.

1.

3.

3.

4.

6.

25

74

30

69

05

40

1220.

4173.

103.

926.

134.

469.

rig

Si

K

Ca

Sc

Fe

K

K

K

K

K

K

, MB

, Si

, K

, Ca

, Sc

. Fe

K

K

K

K

K

K

Integral 0
10.2'30

10947

tig K

Ca K

Preset= Off
Elapsed9 20 sees

Ca K

Quantex)
0. 160 Range* 10.230 keV

Integral 0 =
10.230

21604



3-Jan-1992 08:38:47
Execution time = 6 seconds :

22965,6,ft,H16,RS ; Preset* Off
Vert= 500 counts Disp= 1 • ; Eilapsed- £4 sees

Energy Counts X-Ray Lines ,

Zn L

Mg K

0.99

1.25

1 . 74

3.31

3.69

4.03

6.40

119.

2102.

8007.

379.

1008.

83.

867.

Zn L , Zn L ,

llg K , Hg K ,

Si K , Si K

K K , K K

Ca K , Ca K

Ca K , Ca K

Fe K , Fe K

Quantex) 117. Fe K , Fe K
0.160 Range- 10.230 keV

3-Jan-1992 09:09:34
Execution time = 7 seconds
22965,6, fl,H21,RS
Vert* 500 counts Disp= 1

Energy Counts X-Ray Lines

1.85

1.74

.3.30

3.70

6.40

7.04

1363.

5881.

316.

501.

1395.

176.

rig K , fig K ,

Si K , Si K

K K , K K

Ca K , Ca K

Fe K , Fe K

Fe K , Fe K

10.230
Integral 0 = 36914

Preset* Off
Eilapsed= 20 sees

Mg K

Quantex)
0.160 Range= 10.230 keV 10.230

Integral 0 - 24649



3-Jan-1992 09:11:53
Execution time = 8 seconds
22965,6,ft,«21^RS Preset- Off
Vert= 200 counts Disp= .1. Elapsed*5 SB sees

Energy Counts X-Ray Lines

1.25 £77. fig K , Mg K , fit) K

1.73 871. Si K , Si K

3.31 36. K K , K K

3.70 835. Ca K , Ca K

6.37 lao. Fe K , F-e K

Quantex)
0.160 Range" 10.230 keV 10.230

Integral 0 « 8839



TEM ASBESTOS ANALYSIS
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7-Jan-l'392 13:57:32
Execution tin»e = 6 seconds

Vert== 200 counts Disp= 1
Energy Counts X-Ray Lines

1.25 434. Mg K , llg K , Mg K

1.74 2213. Si K , Si K

3.3.1 151. K K , K K

3.70 134. Ca K , Ca K

6.40 467. Fe K , Fe K

Preset= Oft
Elapsed= 50 sees

tkiantex)
0. 160 Range= 10.230 keV

7-Jan-19'92 14:00:20
Execution time = 7 seconds
22965-6-4, .B,ttQ2,Stt
Vert= 200 counts Disp= 1

Energy Counts X-Ray Lines

Mg K , Mg K , Mg K

Si K , Si K

Ca K , Ca K

Fe K , Fe K

... Integral 0 =
10.230

1&544

Preset." Off
Elapsed= sees

1.25

1.74

3.67

6. 38

357.

1407.

185.

182.

Ouantex.X-
0. 160 Range= 10.230

integral 0 =
10.230

14094



7-Jan-1992 14:07:06
Execution time = 7 seconds
22965-6-4,B,tt03,Stt
Vert>= 200 counts Disp= 1
Uuantex)ID/rtU/TY

Preset= Off
Elapsed= 21 sees

0. 160 Range= 10.230 keV

7-Jan-1992 14:07:18
Execution time = 6 seconds
22965-6-4, B,H03,Srt .. .__
Vert= 200 counts Disp= 1

Energy Counts X-Ray Lines

1.26 702. rig K , Mg K

1.74 2091. Si K , Si K

3.70 531. Ca K , Ca K

6.41 222. Fe K , Fe K

..... Integral 0 =
10.230

11852

Preset .= Off
Elapsed- 21 sees

Mg K

Guantex) . ..
0.160 Range- 10.230 keV

7-Jan-1992 14:07:54
Execution time = 7 seconds . . . .
22965-6-4,B,tt04,SA

200 counts Disp= 1
Energy Counts X-Ray Lines

1.26 452. tig K , Mg K , Mg K

1.74 1589. Si K , Si K

3.69 401. Ca K , Ca K

6.41 209. Fe K , Fe K

. Integral 0 =
10.230

11852

Preset= Off
Elapsed= 34 sees



*-Jan-1992 14:09:11
Execution time = 7 seconds
22965-6-4,B,tt05,Sfl
Vert™ £00 counts Disp= 1

Energy Counts X-Ray Lines

1» £5 268. 'fig K , rig K , Mg K

1.73 1053. Si K , Si K

3.70 835. Ca K , Ca K

6.40 151. Fe K , Fe K

Preset= Off
Elapsed= 31 sees

Quantex) .._. .
0. 160 Range* 10.230 keV

7-Jan-1992 14:11:59
Execution time = 9 seconds
22965-6-4,B,tt06,Sfl
Vert== 200 counts Disp= 1

Energy Counts X-K'ay Lines

1.25 453. Mg K , Mg K , tig K

1.73 1034. Si K , Si K

2.63 29. Cl K , Cl K

3.67 53. Ca K , Ca K

6.38 60. Fe K , Fe K

Integral 0 =
10.230

9160

Preset- Off
Elapsed^ £0 sees

Quantex)
0. 160

7-Jan-199H 14:12:_44
Execution time =
22965-6-4,B,tt07,SA
Vert= 200 counts

Energy Counts

Range* 10.230 keV

6 seconds
Off

1.25

1./4T

3.33

3.69

4.51

;Ut£3.

4629.

118.

432.

75.

10.230
10883

23 sees

Si K

K K , K K

Ca K , Ca K

Ti K , Ti K



.Quantex)
0.160 Range= 10.£30 keV 10.230

Integral 0 = 10883
.7-Jan-1992 14:12:44.
Execution time = 6 seconds
2296S--6-4,B,«07,Sfl Preset- Off
Vert= £00 counts Disp-- .1. E-lapsed = 23 sees

Energy Counts X-Rax Lines

1.25 1163. Mg K , Pig K , rig K

1.74 4629. Si K , Si K

3.33 118. K K , K K

3.69 432. Ca K , Ca K

4.51 75. Ti K , Ti K

6.39 4£3. Fe K , Fe K

7.07 , 76. Fe K , Fe K

.Qu.aiitex)
0.160 R*nge= 10.H30 keV 10.230

._ Inteural 0 = 19993



7., 07. 76. Fe K Fe K

Gorantex)
0.160 Kange= 10.230 keV

7-Jan-1992 14:15:19
Execution time = 8 seconds
22965-6-4,B,tt08,SA
Vert- 200 counts Disp= 1

Energy Counts X-Ray Lines

_ Integral 0 =
10.230

19993

Preset •= Off
Elapsed3 31 sees

0.98

1.26

1.73

3.32

3.68

6.41

G)uantex>.

65.

583.

2379.

134.

201.

379.

Zn L ,

Itg K ,

Si K ,

K K ,

Ca K ,

Fe K ,

0.160 Range= 10.

7-Jan-1992 14:17
Execution
22965-6-4,
Vert=

Energy

1.25

1.74

3.30

3.69

6.40

time =
B,tt09,.S:

:25

Zn L

Mg K , Mg K

Si K

K K

Ca K

Fe K

230 keV 10.230
.. . Integral 0 = 17267

6 seconds
A

200 counts Disp=
Counts

755.

2801.

189.

353.

428.

X-Ray

fig K ,

Si K ,

K K ,

Ca K ,

Fe K ,

Preset* Off
1 Elapsed= 30 sees

Lines

Mg K , Mg K

Si K

K K

Ca K

Fe K

Ckiantex>
0. 160 Range= 10.230 keV

Integral 0 =
10.230

18095



7-Jan-1992 14:18:08
Execution time = 8 seconds
2296S-6r4,B,ttlO,Sfl
Vert== 200 counts Disp= 1

Energy Counts X-Ray Lines

Preset= Off
Elapsed- 33 sees

• 1.25

1.74

3.30

3.70

6.42

464. Mg K ,

1604. Si K ,

90. K K ,

231. Ca K ,

287. F-'e K ,

Guantex)
0.160 Range38 10

Mg K ,

Si K

K K

Ca K

Fe K

.230 keV

7-Jan~1392 14:18:55
Execution time = 7 seconds
22965--6-4,B,ttll,SA
Vert= 200 counts Disp= 1

Energy Counts X-Ray Lines

1.25

1.74

3.23

3.71

6.40

420. Mg K ,

1670. Si K ,

78. K K ,

186. Ca K ,

224. Fe K ,

Mg K ,

Si K

K K

Ca K

Fe K

Integral 0 =
10.230

18411

Preset** Off
Elapsed- 34 sees

Guantex>
0. 160 Range= 10.230

Integral 0 =
10.230

15640



7-Jan-1992 14:24:27
Execution time = 7 seconds
22965-6-4,B,H13,Stt
Vert== 200 counts Disp= 1

Energy Counts X-Ray Lines

1.26 654. Mg K , fig K , tig

1.74 2129. Si K , Si K

3.71 355. Ca K , Ca K

6.41 219. l-e K , Fe K

Preset- Off
Elapsed= 32 sees

Quantex>
0. 160 Range= 10.230 keV

Integral 0 =
10.230

13164
7-Jan-19'32 14:29:25

Execution time = 6 seconds
22965-6-4,B,ttl4,Sft
Vert= 200 counts Disp= 1

Energy Counts X-Ray Lines

1.25 1034. Mg K , fig K , Mg K

1.74 4222. Si K , Si K

3.31 86. K K. , K K

3.69 1038. Ca K , Ca K

4.O3 125. Ca K , Ca K

6.41 463. Fe K , Fe K

Preset= off
Elapsed= 25 sees

duante_x>.
0. 160 Range= 10.230 keV

Integral 0
10.230

19291



7-Jan-1992 14:33:06
Execution time = 6 seconds
22965-6-4,B,ttl5,Stt
Vert" 200 counts Disp= 1

Energy Counts X-K'ay Lines

Preset= Off
Elapsed=

1.

1.

2.

3.

6.

7.

25

74

63

70

39

05

899.

3961.

77.

380.

983.

143.

Mg

Si

Cl

Ca

Fe

Fe

K

K

K

K

K

K

, Mg

, Si

, Cl

, Ca

, Fe

, Fe

K

K

K

K

K

K

fig K

22 sees

Quantex)
0. 160 Range= 10.230 keV

7-Jan-1992 1-4:33:58 . .
Execution time = 6 seconds
22965-6-4,B,ttl6,Sfl
Vert55 200 counts . Disp=.. 1

Energy Counts X-Ray Lines

..._. Integral 0 =
10.230

19120

Hg K

Presets Off
Elapsed55 18 sees

1.25 451. Mg K , Mg K

1.74 2263. Si K , Si K

3.69 209. Ca K. , Ca K

4.05 48. Sc K , Sc K , Ca K , Ca K

6.40 525. Fe K , Fe K

7.05 103. Fe K , Fe K

Guantex)
0. 160 Range= 10.S30 keV

Integral 0 =
10.230

13472
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30-Dec-1991 10:07:25
Execution time = 7 seconds
22965,6,C,H04,RS
Vert- 200 counts Disp= 1

Energy Counts X~Ray Lines

1.25 128. fig K , MCJ K , tig K

1.44 80. fll K , ftl K

1.75 677. Si K , Si K

2.63 118. Cl K , Cl K

3.70 130. Ca K , Ca K

6.42 71. Fe K , Fe K

Preset= Off
Elapsed= 20 sees

Quantex)
0.160 Range= 10.230 keV

30-Dec-1991 10:10:14
Execution time = 7 seconds
22965,6,C,«05,RS
VeTt= 200 counts Disp= 1

Energy Counts X-Ray Lines

1.27 418. Mg K , Mg K , Mg K

1.75 1798. Si K , Si K

3.71 555. Ca K . , Ca K

6.43 143. Fe K , Fe K

10.230
Integral 0 = 7796

Preset= Off
Elapsed= 22 sees

Quantex)
0. 160 Range= 10.230 keV

Integral 0 =
10.230

9685



30-Dec-1991 10:13:09
Execution time = 7 seconds
22965,6,C,tt06,RS Preset= Off
Ve-rt = 500 counts Disp = 1 Elapsed= 20 sees

Energy Counts X-Ray Lines

1.26

1.75

2.65

3.33

3,. 71

4., 03

6.42

ntex>
0.

1708.

5619.

79.

112.

1545.

132.

599.

tig K

Si K

Cl K

K K

Ca K

Ca K

Fe K

67. Fe K
160 Range=

, I1g K , Mg K

, Si K

, Cl K

, K K

, Ca K

, Ca K

, Fe K

, Fe K
10.230 keV

Integral 0 =
10.230

21624



30-Dec-1991 10:17:36 22965,6,C,tt07,RS

ENERGY COUNTS

0.55

1.26

1.75

E.31

3.35

3.70

4.02

4.98

5.42

5,. 96

6.. 41

49.

1239.

4192.

132.

131.

920.

79.

108.

811.

98.

462.

X-RAY LINES

0 KA1, 0 KA2, V LAI, Cr LAI,
V LB1, Cr LSI, V LB3, V LB4,
Cr LN

fig KA1, Mg KA2, Mg KB1

Si KA1, Si KA2

S KA1, S KA2

K KA1, K KA2

Ca KA1, Ca KA2

Ca KB1, Ca KB3

V Kfll, V KA2

Cr KA1, Cr KA2, V KB1, V KB3

Cr KB1, Cr KB3

Fe KA1, Fe KA2

LA2, Cr LA2,
LG1, Cr LG1



Quantex)
0.160 Ram|e = 10.230 keV 10.£30

Integral 0 = 4418
30-D6C-1991 10:35:13
Execution time - 6 seconds
22965,6,C, 10, RS Preset- Off
Vert'- £00 counts Disp~ 1 Elapsed= £5 sees

Energy Counts X-Ray Lines

i.£6 see. rig K , MCI K , ng K

1.75 2001. Si K , Si K

3.70 815. Ca K , Ca K

6.41 392. Fe K , Fe K

Quantex>
0.160 Range- 10.230 keV 10.230

Integral 0 » 8305



30-Dec-1991 10:37:33
Execution time = 6 seconds
22965,6,C,11,RS* Preset" Off
Vert= SOO counts Disp= 1 Elapsed= 26 sees

Energy Counts X-Ray Lines

1.26 466. fig K , Mg K , Mg K

1.74 1878. Si K , Si K

3.32 110. K K , K K

3.. 70 150. Ca K , Ca K

6.40 299. Fe K , Fe K

Quantex>
0.160 Range= 10.230 keV 10.230

Integral 0 = 7719



30-Dt?c-1991 12:53:40
Execution time = 7 seconds
22963,6,,C,ttl3,RS
Vert== 200 counts Disp= 1

Energy Counts X-Ray Lines

1.25 339. Mg K , llg K , Pig K

1.74 1303. Si K , Si K

3.68 297. Ca K , Ca K

6.39 96. Fe K , Fe K

Preset= Off
Elapsed9 26 sees

Quantex)
0.160 Range= 10.230 keV

30-Dec-1991 12:55:13
Execution time = 6 seconds
22965,6,C,ttl4,RS
Vert= 200 counts Disp= 1

Energy Counts X-Ray Lines

1.24 348. llg K , Mg K

1.73 1278. Si K , Si K

3.69 269. Ca K , Ca K

6.39 174. Fe K , Fe K

Integral 0 =
10.230

6491

Preset= Off
Elapsed= 29 sees

Quantex)
0.160 Range: 10.230 keV

Integral 0 =
10.230

7000



30-Dec-1991 13:04:02
Execution time = 6 seconds
22965,6,C,HIS,RS
Vert= £00 counts Disp= 1

Energy Counts X-Ray Lines

Preset55 Off
Elapsed^ £5 sees

1.26

1.74

3.69

6.40

S13.

1962.

509.

178.

Mg K ,

Si K ,

Ca K ,

Fe K ,

Quantex)
0.160 Range= 10

llg K

Si K

Ca K

Fe K

.230 k

30-Dec-1991 13:11:10
Execution time = 7 seconds
22965,6,C,ttl7,RS
Vert= 500 counts Disp= 1

Energy Counts X-Ray Lines

i.as

1.74

3.31

3.69

6.39

677.

2641.

118.

408.

329.

tig K ,

Si K ,

K K ,

Ca K ,

Fe K ,

Mg K

Si K

K K

Ca K

Fe K

, tig K

Integral 0 =
10.230

9184

Preset- Off
Elapsed= 23 sees

Quantex)
0.160 Range= 10.230 keV

Integral 0 =
10.230

10977



30-Dec-1991 13:16:37
Execution time = 7 seconds

Vert=: 500 counts Disp= 1
Energy Counts X-Ray Lines

1.25 746. Mg K , Mg K , Mg K

1.74 2982. Si K , Si K

3.69 248. Ca K , Ca K

6.41 474. Fe K , Fe K

Preset5* Off
Elapsed= 64 sees

Quantex)
0. 160 Range» 10.230 keV

30-Dec-1991 13:23:27
Execution time = 6 seconds
22965,6,C,tt20,RS
Vert= 200 counts Disp= 1

Energy Counts X-Ray Lines

1.25 244. Mg K , Mg K , Mg K

1.75 1115. Si K , Si K

3.67 141. Ca K , Ca K

6.39 292. Fe K , Fe K

Integral 0 =
10.230

14105

Preset= Off
Elapsed= 20 sees

Quantex)
0. 160 Range: 10.230 keV

Integral 0 =
10.230

5548



TABLE 3. CLASSIFICATION OF FIBERS WITH TUBULAR MORPHOLOGY

TM - Tubular Morphology not suf f ic ient ly character ist ic
for classi f icat ion as chrysotile

CM - Characteristic Chrysotile Morphology

CD - Chrysoti le SAED pattern

CQ - Chrysoti le composit ion by Quant i ta t i ve EDXA

CMQ - Chrysoti le Morphology and composit ion by
Quant i tat ive EDXA

COQ - Chrysotlle SAED pattern and composition by
Quanti tat ive EOXA

NAM - Non-Asbestos Mineral

TABLE 4. CLASSIFICATION OF FIBERS WITHOUT TUBULAR MORPHOLOGY

UF - Unidentified Fiber

AD • Aniphibole by random or ientat ion SAED .'shows layer
pattern of 0.53 nn spac ing)

AX - Aniphibole by qua l i ta t i ve EDXA. Spectrum has elemental
components consistent with amphibole

ADX - Amphibole by random orientation SAED and Qual i ta t ive
EDXA

AQ - Amphibole by Quantitat ive EDXA

AZ - Amphibole by one Zone Axis SAED

ADQ - Aniphibole by random orientation SAED and Quantitative
EDXA

AZQ • Amphibole by one Zone Axis SAED pattern and Quanti tat ive
EDXA

AZZ - Amphibole by two Zone Ax is SAED patterns wi tn consistent
1nter-ax1al angle

AZZQ • Amphibole by two Zone A x i s SAED pat te rns , cons is ten t
inter-6xial ancle and Quan t i t a t i ve EDXA

NAM - Non-Asbestos Mineral



Analysis of Water by Transmission Electron Microscopy
( E P A - 6 0 0 / 4 - 8 3 - 0 4 3 )

EMS No. 22965 Client SCHAFER&ASSOC.

Sample No. SW-7-4

Date 1/11/92

Total Asbestos Fibers 130 MFL

Chrysotile Fibers *BDL MFL
Amphibole Fibers 130 MFL

> 5 Micron length (chrysotile) *BDL MFL
> 5 Micron length (amphibole) 37 MFL

Mass (Chrysotile) *BDL Mg/L
Mass (amphibole) 140 jig/L

More/Less than 5 Chrysotile
Fibers in Sample LESS
More/Less than 5 Amphibole
Fibers in Sample MOFE

Poisson 95% Confidence Interval 100 to 160 MFL

Detection Limit 1.5 MFL
* BDL : Below Detection Limit; MFL: Million Fibers per Liter

Size Distribution (Chrysotile and Amphibole)

Particle Length - Microns
O -0.49 0.50 - 0.99 1.00 - 1.49 1.50 - 1.99 2.00 - 2.49 2.5 & UP

0 11 9 12 10 44

Particle Width - Microns
O - .04 .05 - .09 .1 - .14 .15 - .19 .2 - .24 .25 & UP

0 5 15 23 13 30

Aspect Ratio L/W
0 - 9.9 10 - 19.9 20 - 29.9 30 - 39.9 40 - 49.9 50 & UP

29 24 18 7 1 7

EMS LABORATORIES 117 West Bellevue Drive /Pasadena CA 91105-2503 / 818-568-0800



MS Lab No.
-Henl _

i GO AJN/\IA
2 3.^6 S

FILTER TYPE/AREA (mm1)

MCE/MS I~l

Sample No.

MEHIOD OF ANALYSIS

EPA Ymtte Le»d I CD

Level II

AHERA

0.4$

0.8 t»

— "

ASPECT RATIO llLJ-fcl
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09-Jan-1992 12:24:15 22965-7-4,A,tt01,Sft

ENERGY COUNTS

0.52

0.99

1.26

1.49

1.75

2.61

3.70

3.99

5.84

6.40

7.05

872.

50.

530.

94.

1791.

44.

344.

38.

29.

216.

46.

X-RAY LINES

0 Kfll, 0 KA2, V LAI,

Zn LAI, Zn Lfl2, Zn LB1

Mg Kfll, Mg KA2, Mg KB1

ftl Kfll, ftl Kfl2

Si Kfll, Si Kfl2

Cl Kfll, Cl KA2

CA Kfll, CA Kfl2

Ca KB1, Ca KB3

Mn Kfl2

Fe KA1, Fe KA2

Fe KB1, Fe KB3

LA2, LB1, V LG1



09-Jan-1992 12:88:17
22965-7-4, fl,"»be,Sft~

ENERGY COUNTS

0.52

1.02

1.26

1.49

1.74

2.62

3.. 30

3., 70

6.41

1260.

105.

336.

130.

2510.

97.

83.

318.,

335..

X-RAY LINES

0 Kfll, 0 KA2, V LAI, V L.A2, V LBl, V LG1
"~ ' s~

Na Kfll, Na KA2, Na KB1, Zn Lftl, Zn Lfl2, Zn'tDl,
Zn LG1

Ng Kfll, llg KA2, llg KB1

fll Kfll, Al Kfl2

Si Kfll, Si Kfl2

Cl Kfll, Cl Kft2

K Kfll, K Kfl2

Ca Kfll, Ca Kfl2

Fe KA1, Fe KA2



09-Jan-199S 12:32:31 22965-7-4,ft,HCC?,SW

ENERGY COUNTS X-RflY LINES

0.51 1397. 0 Kftl, 0 Kft2, V LAI, V Lft2, V LB1, V LG1

1.H6 917. Mg'Kf t l , Mg KA2, Mg KB1

1.74 2479. Si Kfll, Si KA8

3.31 104. K Kfll, K KA2

3.69 490. Ca Kfll, Ca Kfl2

4.00 63. Ca KB1, Ca KB3

6.42 221. Fe Kfll, Fe K«2 .. ..



09-Jan--1995 12:33:20 ££965-7-4, ft, H04, b'fl

ENERGY COUNTS X-K'ttY LINES

0.52 1505. o Kfll, o Kfl2, v Lfli, y L«a, v LBI, v LGI

1.26 955. fig Kttl, Mg KA2, llg KB1

1.74 2849. Si KA1, Si Ktt2

3.32 98. K Kfll, K Kfl2

3.70 535. Ca Kfll, Ca Kfl2

6.40 252. Fe Krtl, Fe Kfl2



09-Jan-1992 12:34:12 82965-7-4, A, «05, Sft

ENERGY COUNTS X-RflY LINES

0.52

1.25

1.48

1.74

3.31

3.70

4,. 02

6., 41..

1421.

926.

104.

2666.

116.

477.

52.

0 Kftl,

llg Kftl,

ftl Kftl,

Si Kftl,

K Kftl,

Ca Kftl,

Ca KB1,

— . 225.. Fe Kfll,
9-Jan-1992 12:36

Execution time ...=..

0 Kft2, V Lftl, V LA2, V LB1, V LG1

llg Kft2, Mg KB!

ftl Kft2

Si Kft2

K Kft2

Ca Kfl2

Ca KB3

Fe Kft2
:13

7 seconds. .
22965-7-4, A, H06,Sft p-reset= Off
Vert= ... 200 counts Disp^ 1 Elapsed =

Energy Counts X-Ray Lines

0.52. 575.

1.26

1.74

3.70

6.39

310.

1161.

209.

160.

0 K . , 0 K , V L , V L ,V L
V L"

Mg K , llg K , Mg K

Si K , Si K

Ca K , Ca K

Fe K , Fe K

27 sees

Ouantex)
0.480 Range= 10.230 keV 10.230

Integral 0 = 5948



9-Jan-1992 12:37:10
Execution time = 7 seconds
22965-7-4,tt,H07, Srt
Vert= 200 counts Disp= 1

Energy Counts X-Ray Lines

0.52 802.

1.26

1.74

3.71

6.40

4.16.

1414.

273.

174.

0 K , 0 K , V L
V L

Mg K , fig K , Mg K

Si K , Si K

Ca K , Ca K

Fe K , Fe K

Preset= Off
Elapsed= 34 sees

Quantex) ..
0. 480 Range= 10.230 keV

9-:Jan-1992 12:39:09.
Execution time = 6 seconds
22965-7-4,A,«08,Sfl
Vert= 200 counts Disp= 1

Energy Counts X-Ray Lines

Integral 0 =
10.230

7511

Preset== Off
Elapsed= 29 sees

0.51

1.25

1.75

3.70

6.41

706.

476.

1304.

263.

177.

0
V

Mg

Si

Ca

Fe

0 K ,0 K . , V L , . V ... L , V L.
V L

Mg K , Mg K , Mg K

Si K , Si K

Ca K , Ca K

Fe K , Fe K

Quantex).. .._
0.480 Range= 10.230 keV

9-Jan-1992 12:40:25
Execution-time = 7 seconds
22965-7-4 ̂T^vHOg, Sfl
Vert= 200̂ eQimts Disp=

Energy Counts^\X

0.52

1.02

1.26

10.230
Integral 0 = 6291

Preset= .Off
Elapsed= 38 sees

1004. 0 K , 0 K ̂ >. VX.L , V L , V L ,
V L /

226. Na K , Na K , Na K , ZV L-..., Zn L ,
Z>f L , Zn L

482. Mg K , Mg K , Mg K

1 7 A \ '71 •it/ <?•; u



Quant ex >..,
0.480 Ran

...9-JAnrl99.2_.12»40s
Execution time =
829.6.5=7=4, ft, HQ9,.Sfl
Vert35 200 coun

Energy Counts

0.52 1004. .

1.02 £26.

1.26

1.74

482.

2071.

ge= 10.230 keV 10.230
Integral 0 = 6291

25
7 seconds _... ._.. _ _ ..

... . Preset" .Off
ts Disp= 1 Elapsed88 38. sees.

X-Ray Lines

OK ,0 K , V L , V L , V L ' ,
V L

Na K , Na K , Na K , Zn L , Zn L ,
Zn L , Zn L

ng K f Pig K , Pig K

Si K , Si K

3.34

3.69

99.

121.

'uantex> 328.
....0..480.' .Ra.no

K K , K K

Ca K , Ca K

Fe K . , Fe K _
ie= ..10.̂ 230 ..keV. - ...10.830



K

3.69 121. Ca K , Ca K

Wuantex) 388. Fe K , Fe K
.0.480 Range5* .10.830 keV

9-Jan-1992 18:42:01
Execution time = 8 seconds
28965-7-4,H,ttlO,Stt
Ve-rt= 200 counts Disp- 1

Energy Counts X-Rax Lines

Integral 0 =

Preset= _0ff
Elapsed=

10.230
9504

26 sees

0.52 687. O K , O K , U L , V L , V L ,
V L

Quantex)—.
0.480

489.

1837.

335.

171.

Fig K

Si K

Ca K

Fe K

, rig

, Si

, Ca

, Fe

K , Pig K

K

K

K

Range= 10.230
_._ Integral 0 =

10.830
7564



09-Jan-1992 12:45:34 22965-7-4,tt,ttll,SA

ENERGY COUNTS X-FWY LINES

0.58 916. 0 KA1, 0 KA2, V LAI, V LA2, V LB1, V LG1

1.00 68. Na Kfll, Na Kft2, Zn Lftl, Zn Lfl2, Zn LB1, Zn LG1

1.25 632. I1g Kfll, llg KA2, Mg KB1

1.74 1835. Si Kfll, Si KAS

3.31 61. K KA1, K KA2

3.70 427. Ca Kftl, Ca KA2

4.01 74. Ca KB1, Ca KB3

6.40 225. Fe Kfll, Fe KA2



09-Jan-1992 12:54:38 .22965-7-4 a »'-.-_ <-..

ENERGY COUNTS X-Fv'ftY LINES

0.52 3818. 0 Kftl, 0 Kfl2, V Lftl, V Lft2, V LB1, V LG1

1.02 363. Na Kftl, Na Kfl2, Na KB1, Zn Lftl, 2n LAH, Zn Ltd,
Zn LG1

1.26 £356. I1c| Kftl, Mt| Kft2, Mg KB1

1.48 375. fll Kftl, ftl Kfl2

1.74 7489. Si Kftl, Si Kfl2

3,. 32 375. K Kftl, K Kft2

3., 69 878. Ca Kftl, Ca Kft2

6,40 698. Fe Kftl, Fe KA2

7.06 112. Fe KB1, Fe KB3 _-,



.Uuantex)
0.480 Range= 10.£30 keV 10.£30

_. Integral 0 = 16628
9-Jan-1992 12:59:26

Execution time = 6 seconds
22965-7-4,rt,H13,Sfl Preset- Off
Vert= 500 counts Disp= 1 Elapsed= 20 sees

Energy Counts X-Ray Lines

1.26 681. fig K , l"lg K , Mg K

1.75 3095. Si K , Si K

3.69 131. Ca K , Ca K

6.41 670. Fe K , Fe K

7.08 95. Fe K , Fe K

OA.ian.tejc> ..... .... . _... . _.
0.480 Range= 10.230 keV 10.230

Integral 0 = 16628



09-Jan-1992 13:01:55 28965-7-4,fl,H14,Sfl

ENERGY COUNTS X-RflY LINES

1.01 205. Na Kfll, Na KftS, Zn Lftl, Zn L.ft2, Zn LB1, Zn LG1

3..H6 10HO. tig KP1, Mg KftS, Mg KB1

1.75 5451. Si K f l l , Si K«2

c!.34 78. S K O I , S KftS

3.33 74. K Kttl, K KAS

3.7E Sc!0. Ca K f t l , Ca Kftfi

4.0y 4'^. Sc Kttl, Sc K«2

4.45 71. Sc KB1, Sc KB3

6.41 1108. Fe Kttl , Fe KftS

7.06 159. Fe KB1, Fe KB3 . . . .



09-Jan-1992 13:03:12 22965-7-4,ft,ttlS,Sfl

ENERGY COUNTS

0.60 222.

0.99

1.25

1.75

2.28

3.30

3.72

6.41

8. 57

72.

540.

2603.

462.

63.

141.

584.

350.

X~RftY LINES

Cr Lftl, ("In Lftl, Cr Lft2, Mn Lft2, Cr LB1, fin LB1,
CT LG1, IIn LN

2n Lfll, Zn LA2, Zn LB1

fig Kftl, Mg Kfl2, Mg KB1

Si Kftl, Si KftS

S Kftl, S Kfla

K Kftl, K KflS

Ua Kftl, Ca KflS

Fe Kftl, Fe Kfl2

Zn Kfl2



09-Jan-1992 13:04:08 22965-7-4,fl,H16,SA

ENERGY COUNTS X-RAY LINES

1.26 287. Mg Kfll, fig KA2, Pig KE<1

1.75 155H. Si Kfll, Si Kfl2

3.70 13y. Ca KA1, Ca KAH

4.08 110. Be Kfll, Sc KAS

6.41 320. Ke Kfll, Fe Kfl2 . .



Lab

mple No. <> C'KcL/gy

X
I
i

MICROSCOPE

«ow|

IIUI25EO

_=#*/ r
Grid opening Sir ff Sir

Dimensions (mm)

Width Length

7-

Fiber Classification

NAM TM CD CMD OX) IF AD AX AQ ADO AZQ AZZ

EDS Analysis

Fe Id Comments

%±L
s

4>£-
V

%
T5"

a.
/

X

5£^
7

t/

JERVT^ I I trotOBSERVATIONS: • • • . • • • i — r
DcbriacQ r VeiyLighll— 1

- •
I Jght

-pn
D " Moderate

; • • ......-.:.
jr LJ Very Heavy O



IS Lab

mple No.

MICROSCOPE

GRID • • • •

.a
mnzseQ

100 K.V

Andy*

Grid Sir tt

"2^

Str

Dimensions mm)

Width Length

Rb«r Classification

NAMTM CD COO IF AD AX AQ ADO hh

EDS Analysis

Si Ca Fe Id Comments

V

(0

MU

33
H

a /Ol if

jL

3t555ERVATK5RS:

t

it i a TT-r
. . , , , ,

DcfcrisctlJ 'I VoyLiphlD U?hi D ]' '"̂ - V Modcnlc D ' "; :":; llcavy D . VoylfcavyQ



9-Jan-1992 12:53:07
Execution time = 8 seconds
22965-7-4,B,HOI,RS Preset" Off.
Vert= 500 counts Disp= 1 Elapsed= 81 sees

Energy Counts X~K'ay Lines

1.26 875. fig K , Mg K , Mt| K

1.73 2971. Si K , Si K

3.70 817. Ca K , Ca K

4.02 135. Ca K , Ca K

6.40 333. Fe K , Fe K

6.96 42. Co K

Wuantex>
0.460 Range= 10.230 keV . 10.230

. ., Integral 0 = 19637



-.9-Jlan-1.992. 12:56:43
Execution time = 7 seconds
22965-7-4,B,tt02,RS
Vert5* 500 counts Disp- 1

Energy Counts X-Ray Lines

Preset.5?.. ..(Iff
Elapsed*5 25 sees

0.50 458. O K , U K , V L , V L , V L ,
V L

1.27 117. Mg K , MCI K , rig K

1.75 428. Si K , Si K

3.69 77. Ca K , Ca K

J.kia.n.te.x>
0.480

. 9-Jan-1992 12:
... Execution

Vert
5•—7 — A

time

Rang e55 10.230 keV 10.230
. . Integral 0 « 8819

58:4.9
=

.RS
6

« 500 counts
Energy

1

1

3

6

7

•

•

•

•

•

26

75

69

41

08

Counts

681

3095

131

670

95

rig

• Si

Ca

Fe

Fe

seconds ...

Disp
X-Ray

K

K

K

K

K

i

i

i

,

i

= 1
Preset83 . Off
Elapsed9 20 sees.

Lines

Mg

Si

Ca

Fe

Fe

K , M g - K

K

K

K

K



9-Jan-1992 13:09:14
Execution time = 6 seconds
22965-7-4,B,H04,RS
Vert= 200 counts Disp= 1

Energy Counts X-Ray Lines

1.02 72. Na K , Na K , Na K

Fig K1.27

1.76

2.66

3.33

3.73

6.43

367.

1830.

131.

108.

101.

391.

Z.II

11 g

Si

Cl

K

Ca

Fe

u

K

K

K

K

K

K

, nil u

, Mg K

, Si K

, Cl K

, K K

,.. Fe K

Preset55 Off
Elapsed5* 19 sees

, Zn L Zn L

Guantex> _
0.480 Range= 10.230 keV

9-Janrl992.. 13:10:23 ......... ._ ......... _
Execution time = 7 seconds

Vert= 200 counts Dis.p

.. ... Integral 0 =
10.230

11661

Preset*: Off

9-Jan-1992 13:10:39
Execution time = .7 seconds
22965-7-4,B,«05,RS
Vert35 200-..counts.— Disp== 1

Energy

1.23

1.74

2.64

3.31

3.69

6.39

7.07

Counts X-Ray Line

134.

868.

65.

46.

80.

198.

57.

Mg

Si

Cl

K

Ca

Fe

Fe

K

K

K

K

K

K

K

, tig

, Si

, Cl

, K

, Ca

, Fe

, Fe

K

K

K

K

K

K

K

Preset= Off
Elapsed55 15 sees



0.4ttO Kange= 10.230 keV
Integral 0 =

10.230
8105

9-Jan-1992 13:13:03
Execution time = 6 seconds
22963-7-4,B,«07,RS
Vert= 200 counts Disp= 1

Energy Counts X-Ray Lines

1.27 332. tig K , llg K , Mg K

1.75 1519. Si K , Si K

2.65 60. Cl K , Cl K

3.34 55. K K , K K

3.70 214. Ca K , Ca K

6.40 240. Fe K , Fe K

-WftRNINCj-

Preset= Off
Elapsed= 18 sees

Quantex)
0.480 F<ange= 10.230 keV

9-Jan-1992 13:14:51
Execution time_. = 6 seconds
9-Jan-1992 13:15:00 __ _

Execution time = 6 seconds. ....
22965-7-4,B,«08,RS
Verts. 200 counts Disp= 1

Energy Counts X-Ray Lines

Integral 0 =
10.230

8869

2t= Off

Preset= Off
Elapsed= 18 sees

1.25 240. tig K , Mg K , Mg K

1.75 954. Si K , Si K

3.70 167. Ca K , Ca K

6.41 130. Fe K , Fe K

Guantex)
0.480 Range= 10.230 keV

Integral 0 =
10.230

7024



9-Jan-1992 13:16:08
Execution time = 8 seconds
22965-7-4,B,tt09,RS
Vert= 200 counts Disp= 1

Energy Counts X-K'ay Lines

1.26 341. Ha K , llg K , llg K

1.75 1238. Si K , Si K

3.71 199. Ca K , Ca K

6.42 183. Fe K , Fe K

Preset= Uff
l£lapsed = 31 sees

Quantex)
0.480 Range9 10.230 key

9-J"an-1992 .13:L7:47 .... ._
Execution time = 6 seconds
52965-7-4,B,«10,RS
Vert= 200 counts Disp= 1

Energy Counts X-Ray Lines

10.230
Integral 0 = 12005

Presets. Off
Elapsed= 24 sees

1.26 214. Pig K , Mg K , Mg. K

1.7S 790. Si K , Si K

3.70 202. Ca K , Ca K

6.42 121. Fe K , Fe K

Quantex)
0.480 Range9 10.230 keV

Integral 0 =
10.230

7340



9-Jan-1993 13:53:58
Execution time = 6 seconds
22965,7,fl,ttl5,RS Preset* Off

500 counts Disp= 1 Elapsed= 16 sees
Energy Counts X-Ray Lines

1.01 69. Na K , Na K , Zn L , Zn L , Zn L ,
Zn L

1.26

1.75

3.71

4.03

6.41

931. Mg K ,

3823. Si K ,

523. Ca K ,

60. Ca K ,

506. Fe K ,

7.08 67. Fe K ,
Quantex)

0.480 Range= J.Q.

Mg K ,

Si K

Ca K

Ca K

Fe K

Fe K

230 keV

9-Jan-1992 13:58:03
Execution time = 6 seconds
22965,7,ft,tt25,RS
Vert= 200 counts Disp= 1

Energy Counts X-Ray Lines

1.26

1.75

3.70

4.03

6.41

433. Mg K ,

1488. Si K ,

374. Ca K ,

59. Ca K ,

130. Fe K ,

Mg K ,

Si K

Ca K

Ca K

Fe K

10.230
Integral 0 = 19004

Preset= Off
Elapsed= 18 sees

Mg K

Quantex)
0.480 Range= 10.230 keV 10.230

Integral 0 = 9897
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ll-Jan-1992 15:48:07
Execution time = 7 seconds

Vert= 500 counts Disp= 1
Energy Counts X-Ray Lines

Na K , Na K , Zn L
Zn L

tig K , llg K , fig K

Si K , Si K

K K , K K

Ca K , Ca K

Fe K , Fe K

1. .00

1.S7

1..75

3.34

3.70

6.4.1.

101.

1039.

4057.

148.

490.

566.

Preset- Off
Elapsed= 39 sees

Zn L Zn L

Quantex)
0.000 Range= 10.230 keV

ll-Jan-199c> 15:51:49
Execution time - 7 seconds

trr/vi—c, oa, FII
rt= 200 counts Disp= 1
E-nergy Counts X-Ray Lines

. Integral 0 =
10.110

176E1

1.26

1. /S

3.71

6.4y

458.

1636.

300.

268.

llg K , Pig K , Mtr K

<3i K , Si K

Ca K , Ca K

Fe K , Fe K

Preset= Off
Elapsecl- 4S sees

Quantex >—
— 0.000 Range5 10.230 keV

Integral 0 =
10.110

10389



ll-Jan-1992 15:54:48
Execution time = 6 seconds
22965,7,1~C,03,FI1
Vert= SOO counts Disp= 1

Energy Counts X-Rax Lines

1.26 610. Mg K , fig K , fig K

1.75 2263. Si K , Si K

3.70 511. Ca K , Ca K

6.42 144. Fe K , Fe K

Preset= Off
Elapsed55 30 sees

Quantex>
0.000 Range= 10.230 keV

ll-Jan-1992 15:58:28
Execution time = 8 seconds
22965,7,1-C,04,FM
Vert= 500 counts Disp= 1

Energx Counts X-Rax Lines

Integral 0 =
10.110

10238

0.

1.

. 1.

3.

3.

6.

7.

75

26

74

33

72

42

04

199.

828.

3115.

146.

350.

387.

143.

Co

tig

Si

K

Ca

Fe

Fe

L

K

K

K

K

K

K

, Co

» tig
, Si

, K

, Ca

, Fe

, Fe

L

K

K

K

K

K

K

Quantex)
0.000 Range= 10.230 keV

Preset= Off
Elapsed=

, Co L , Co L

30 sees

Integral 0
10.110

13211



ll-Jan-1992 16:00:43
Execution time = 6 seconds
32965,7, 1-C,03,R1
Vert= 200 counts Disp- 1

Energy Counts X-Ray Lines

Preset= Off
Elapsed= 39 sees

1.25

1.74

3.70

6.41

530. fig K , fig K , fig K

2132. Si K , Si K

379. Ca K , Ca K

155. Fe K , Fe K

Quantex)
0.000 Range= 10.230 keV

Integral 0 =
10.110

10361

ll-Jan-1992 16:03:23
Execution time = 6 seconds
22965,7,1-C,15,FM

200 counts Disp= 1
Energy Counts X-Ray Lines

1.27 546. Mg K , Mg K , (1g K

1.75 1520. Si K , Si K

3.70 203. Ca K , Ca K

6.4O 182. Fe K , Fe K

Preset= Off
Elapsed= 41 sees

Quantex)
0.000 Range= 10.230 keV

Integral 0 =
10.110

9562



11-Jan-1992 16:06:36
Execution time = 6 seconds
2S965,7, 1-C,25,F11 Preset= Off
Vert= 200 counts Disp= 1 Elapsed= 40 sees

Energy Counts X-Ray Lines

1.27 378. rig K , Mg K , Mg K

1.75 1401. Si K , Si K

3.71 230. Ca K , Ca K

6.40 206. Fe K , Fe K

Quantex>
0.000 Range= 10.230 keV 10.110

Integral 0 = 8386



TABLE 3. CLASSIFICATION OF FIBERS WITH TUBULAR MORPHOLOGY

TM - Tubular Morphology not sufficiently characteristic
for classification as Chrysotile

CM - Characteristic Chrysotile Morphology

CD - Chrysotile SAED pattern

CO • Chrysotile composition by Quantitative EDXA

CHQ - Chrysotile Morphology and composition by
Quantitative EDXA

CDQ - Chrysotile SAED pattern, and composition by
Quantitative EDXA

NAM - Non-Asbestos Mineral

TABLE 4. CLASSIFICATION OF FIBERS WITHOUT TUBULAR MORPHOLOGY

UF - Unidentified Fiber

AD • Amphibole by random orientation SAED !shows layer
pattern of 0.53 nn spacing)

AX - Amphibole by qualitative EDXA. Spectrum has elemental
components consistent with amphibole

AOX - Amphibole by random orientation SAED and Qualitative
EDXA

AQ • Amphibole by Quantitative EDXA

AZ - Amphibole by one Zone Axis SAED

- Amphibole by random orientation SAED and Quantitative
EDXA

• Amphibole by one Zone Axis SAED pattern and Quantitative
EDXA

AZZ - Amphibole by two Zone Axis SAED patterns witn consistent
Inter-axial angle

AZZQ • Amphibole by two Zone Axis SAED patterns, consistent
inter-axial ancle and Quantitative EDXA

NAM - Non-Asbestos Mineral



Analysis of Water by Transmission Electron Microscopy
( E P A - 6 0 0 / 4 - 8 3 - 0 4 3 )

EMS No. 22965 Client SCHAFER&ASSOC.

Sample No. SW-8-4

Date 12/27/91

Total Asbestos Fibers 170 MFL

Chrysotile Fibers *BDL MFL
Amphibole Fibers 170 MFL

> 5 Micron length (chrysotile) *BDL MFL
> 5 Micron length (amphibole) 45 MFL

Mass (Chrysotile) _ *BDL
Mass (amphibole) _ 240

More/Less than 5 Chrysotile
Fibers in Sample _ LESS
More/Less than 5 Amphibole
Fibers in Sample _ MORE

Poisson 95% Confidence Interval 140 to 210 MFL

Detection Limit 1.9 MFL
* BDL : Below Detection Limit; MFL: Million Fibers per Liter

Size Distribution (Chrysotile and Amphibole)

Particle Length - Microns
O -0.49 0.50 - 0.99 1.00 - 1.49

0 3 14

Particle Width •
O - .04 .05 - .09 .1 - .14

0 9 18

Aspect Ratio
0 - 9.9 10 - 19.9 20 - 29.9

28 28 17

1.50 - 1.99 2.00 - 2.49

1 2 9

Microns
.15 - .19 .2 - .24

18 13

L/W
30 - 39.9 40 - 49.9

8 0

2.5 & UP

52

.25 & UP

32

50 & UP

9

EMS LABORATORIES 117 West Bellevue Drive /Pasadena CA 91105-2503 / 818-568-0800
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20-I)ec-1991 08:51:53
Execution time = 5 seconds
22965,8-4,fl,«01,Sft Preset" Off
Vert= 500 counts Disp= 1 Elapsed= 45 sees

Energy Counts X-Ray Lines

v L , v L , v L ,

Mg K

0.52

1.25

1.49

1.74

3.31

3.70

6.40
Guantex>

0.

2771.

1560.

163.

4933.

177.

968.

0
V

tig

ft!

Si

K

Ca

428. Fe

000 Range=

K
L

K

K

K

K

K

K

, 0 K

, Mg K

, 31 K

, Si K

, K K

, Ca K

, Fe K

10.230 1 10.110
Integral ft = 903



7-Jan-1992 11:41:58
Execution time = 6 seconds
22965-8-4,ft,H02,Sft Preset- Off
Vert= 200 counts Disp= 1 Elapsed= 34 sees

Energx Counts X-Ray Lines

1.25

1.74

3.69

4.04

6.39

1315. Mg K , Mg K , Mg K

4724. Si K , Si K

1274. Ca K , Ca K

106. Sc K , Ca K , Ca K

349. Fe K , Fe K

Quantex)
0.160 Range= 10.230 keV

7-Jan-1992 11:43:56
Execution time = 6 seconds
22965-8-4, ft, H03, Sft
Vert= 200 counts Disp= 1

Energy Counts X-Ray Lines

1.25

1.74

3.69

4.02

6.39

744. Mg K , Mg K , Mg K

2429. Si K , Si K

581. Ca K. , Ca K

61. Ca K , Ca K

225. Fe K , Fe K

10.230
Integral 8 •- 691

Preset= Off
Elapsed= 19 sees

Quantex)
0.160 Range= 10.230 keV 10.230

Integral 8 = 360



7-Jan-1992 11:45:54
Execution time = 7 seconds
22965-8-4,ft,H04,SO Preset= Off
Vert= 200 counts Disp= 1 Elapsed= 38 sees

Energy Counts X-Ray Lines

1.E5 826. Mg K , Mg K , Mg K

1.74 3345. Si K , Si K

3.34 117. K K , K K

3.69 474. Ca K , Ca K

6.41 327. Fe K , Fe K

Quantex>
0.160 Range= 10.230 keV 10.230

Integral 8 = 488



20-Dec-1991 09:15:38
Execution time = 7 seconds
22965,8-4,fl,H05,Sfl p-reset= Off
Vert= 200 counts Disp= 1 IZlapsed = 36 sees

Energy Counts X-Ray Lines

0.

1.

1.

1.

3.

3.

nt

52

00

25

74

33

69

ex>

1638.

103.

837.

2628.

107.

569.

184.

0
V

Na
Zn

tig

Si

K

Ca

Fe

K
L

K
L

K

K

K

K

K

f 0

, Na

1 fig
, Si

, K

, Ca

, Fe

K

K

K

K

K

K

K

Zn L , Zn L , Zn L

Mg K

0.000 Range= 10.230 keV 10.110
Integral 8 = 499



7-Jan-1992 18:36820
Execution time = 7 seconds
22965-8-4,ft,«06,Sft
Vert= 200 counts Disp= 1

Energy Counts X-Ray Lines

Preset= off
Elapsed= 31 sees

1.

1.

3.

4.

6.

25

74

69

03

39

1147.

4185.

964.

112.

311.

tig

Si

Ca

Ca

Fe

K

K

K

K

K

, 11 g

, Si

, Ca

, Ca

» Fe

K

K

K

K

K

tig K

Quantex)
0.160 Range= 10.230 keV

7-Jan-1992 12:38:18
Execution time = 5 seconds
22965-8-4,A,H07,SA
Vert= 200 counts Disp= 1

Energy Counts X-Ray Lines

10.230
Integral 8 =

1.

1.

3.

3.

4.

6.

25

74

30

69

02

40

1457.

5234.

142.

991.

98.

428.

tig

Si

K

Ca

Ca

Fe

K

K

K

K

K

K

'

»

,

i

i

,

tig K , tig K

Si K

K K

Ca K

Ca K

Fe K

Preset5* Off
Elapsed=

573

26 sees

Quantex>
0. 160 Range= 10.230 keV 10.230

Integral 8 = 744



7-Jan-1992 12:39:53
Execution time = 6 seconds
22965-8-4,fl,H08,Sft
Vert= 200 counts Disp= 1

Energy Counts X-Ray Lines

Preset= Off
Elapsed= 21 sees

1.

1.

3.

3.

4.

6.

7.

25

74

31

69

06

40

02

1126.

4110.

217.

582.

77.

432.

50.

Mg

Si

K

Ca

Sc

Fe

Fe

K

K

K

K

K

K

K

'

,

*

i

i

*

Mg K , Mg K

Si K

K K

Ca K

Sc K

Fe K

Fe K

Quantex)
0.160 Range= 10.230 keV 10.230

7-Jan-1992 12:42:19
Execution time = 6 seconds
22965-8-4,A,»09,S«
Vert= 200 counts Disp= 1

Energy Counts X-Ray Lines

1.26 353. fig K , Mg K , Mg K

1.74 1634. Si K , Si K

3.69 251. Ca K , Ca K

6.41 214. Fe K , Fe K

Integral 8

Preset- Off
Elapsed^

650

58 sees

Quantex)
0. 160 Range= 10.230 keV 10.230

Integral 8 = 235



7-Jan-1992 13:43:33 . ' i
Execution time = 6 seconds
22965-8-4,ft,ttlO,Sfl Preset- Off
Vert=s 200 counts Disp= 1 Elapsed= 3? sees

Energy Counts X-Ray Lines

1.25 1154. fig K , rig K , Mg K

1.74 4046. Si K , Si K

3.29 158. K K , K K

3.69 811. Ca K , Ca K

4.05 110. Sc K , Sc K , Ca K , Ca K

6.39 275. F"e K , Fe K

Quantex)
0.160 Range= 10.230 keV 10.230

Integral 8 = 655
7-Jan-1992 12:49:14

Execution time = 8 seconds
22965-8-4,ft,*»15,SA p-reset= Off
Vert= 200 counts Disp= 1 Elapsed= 54 sees

Energy Counts X-Ray Lines

1.25 202. tig K , Mg K , Mg K

1.74 675. Si K , Si K

3.68 186. Ca K , Ca K

6.42 113. Fe K , Fe K

Quantex>
0.160 Range= 10.230 keV - 10.230

. . Integral 8 = 145



7-.Jan-l'392 12:51:35 LN Testng
Execution time = 8 seconds ....... ............ _ .......
22965-8-4, tt,«20,Sfl Preset= Off
Vert= 200 counts Disp= 1 Elapsed= 63 sees

Energy Counts X-Ray Lines

1.25 -441 . fig K , tig K , tig K

1.74 1786. Si K , Si K

3.70 312. Ca K , Ca K

6.40 185. Fe K , Fe K

Quantexi
0.160 Range= 10.230 keV 10.230

Integral 8 = 325



19-Dec-1991 11:28:08 22965-8-4, A, H2, SA

ENERGY COUNTS X--RAY LINES

0 Kfll, 0 KA2, V LAI, LA2, LB1, LG1

Na Kfll, Na KA2, Na KB1, Zn LAI, Zn LA2, Zn LSI,
Zn LG1

1..S6

1.49

1.74

3.32

3.70

4.03

6.40

7.04

5850. I1g Kfll, I1g Kfl2, Pig KB1

486. fll Kfll, fll Kfl2

17010. Si Kfll, Si Kfl2

997. K KA1, K KA2

1998. Ca Kfll, Ca Kfl2

261. Ca KB1, Ca KB3

1341. Fe KA1, Fe KA2

172. Fe KB1, Fe KB3
19-Dec-1991 11:31:38
Execution time = 6 seconds
22965-8-4, A, «22,SA
Vert= ' 1000 counts Disp= 1

Energy Counts X-Ray Lines

0.52 1524. 0 K , 0
V L

1.S5 853. llg K , tig

1.49 144. Al K , Al

1.74 2807. Si K , Si

3.70 539. Ca K , Ca

6.41 244. Fe K , Fe

K

K

K

K

K

K

Preset== Off
Elapsed= 51 sees

Quantex)
0.000 Range: 10.230 keV

19-Dec-1991 11:31:41
Execution time = 6 seconds
22965-8-47*17
Vert= 1000 counts Disp= 1

Energy Counts X-Ray Lines

Integral 0 =

Preset* Off

10.110
12312

51 sees

0.52 1524. K K



7-Jan-1992 12:54:15
Execution time = 6 seconds
22965-8-4,tf,«23,Stt Preset-.. Off
Vert= 200 counts Disp= 1 Elapsed= 52 sees

Energy Counts X-Ray Lines

1.25 530. Mg K , Mg K , fig K

1.74 2026. Si K , Si K

3.69 337. Ca K , Ca K

6.38 192. Fe K , He K

Quantex> ... ...
0.160 Range= 10.230 keV 10.230

. . Integral 8 = 298



19-Dec-1991 11:45:45 23965-8-4,A,H26,SA

ENERGY COUNTS X-RAY LINES

0.

0.

1.

1.

1.

1.

3.

4.

6.

7.

52

75

02

26

49

74

70

01

41

07

1615.

66.

91.

950.

105.

3398.

458.

63.

593.

108.

0

Co

Na
Zn

M g

PI

Si

Ca

Ca

Fe

Fe

Kftl,

LAI,

Kftl,
LG1

Kftl,

Kftl,

Kftl,

Kftl,

KB1,

Kftl,

KB1,

0

Co

Na

11 g

ftl

Si

Ca

Ca

Fe

Fe

Kft2, V Lftl, V Lfl2, V LB1, V LG1

LA2, Co LB1, Co LG1

Kfl2, Na KB1, Zn LAI, Zn Lft2, Zn LB1,

Kft2, tig KB1

KA2

KA2

KA2

KB3

KA2

KB3



Tnivl AdBt^ f Go AN/\LA
EMS Lab No. ?J

Sample No. : __ j£?_r. 7 GRID

•el 31:..i
«X)B

_

1 71

.
IIUI25EI 1

Grid AtUUcs* \/

Screen Magnification _/^

Camera Constant jf*-£ ' \

Accelerating Voltage . _ 100 KV .

Beam Current (jCJ. . pa

Analyst

Grid opening S

Fiber Classification

CM CO CMQ DQ LF AD AX ADX AQ ADQ AZQ AZZ
EDS Analysis

4l Si Ca Fe Id Comments

~ ?
v/ Z.

(0

u
1C

^ (e A.-

v/
3 1C

v/

\c

OBSERVAT ONS: Clean I I

Debris: I ...I

Gypsum: I.. I

Oihci I I

Very Light l_

Very Light 1

Light 1

Light I

Moderate i .1

Muderate I I

Heavy

Heavy

Very Heavy

Very Heavy

111



EMS Lab No.
AN AL\ SiS

Sample No. _
>

GRID

MICROSCOt-.-

600A'_J
- ,71

,|25E|

Grid Address

Screen Magnificalii

Camera Constant ____

Accelerating Voltage .

Beam Current ........

Analyst Dale

Grid opening ^>
Fiber Classification

MAM TM CM CD GO CMQ CDQ IF AD AX ADX AQ ADO AZQ AZZ te Mg Si Ca Fa Id
EDS Analysis

Comments

I/

v/

•y
if?

OBSERVAT ONS: Clean I I
Debris: I . I

Gypsum: I . I

Other I I

Very Light I.
Very Light I

Light I
Light I

Moderate I .1

Moderate I I

Heavy.
Heavy

Very Heavy I. I
Very Heavy I I



Execution time = 6 seconds
22965, tt8 Jl ,B, 01, FM .. . ...Preset- Off
Vert= £00 counts Disp= 1 Elapsed= 33 sees

Energy Counts X-Ray Lines

1.27 263. Mg K , Mg K , Mg K

1.75 1301. Si K , Si K

3.70 259. Ca K , Ca K

6.41 168. Fe K , Fe K

Quantex> _ : ..
0.160 Range" 10.230 keV 10.230

.... .-_ Integral 0 = 8370
£6-Dec-1991 16rl3.s.Sa_ —
Execution time = 6 seconds
22965, H8-4..B, 02 »FM ..... _ Preset=._ Off ......
Vert=s 200 counts Disp= 1 Elapsed= 33 sees

Energy Counts X-Ray Lines

1.27 344. Mg K , Mg K , Mg K

1.74 1242. Si K , Si K

3.70 268. Ca K , Ca K

6.39 103. Fe K , Fe K

QuantexL..
0.160 Range= 10.230 keV 10.230

Integral 0 = 8426



26-Dec-1991 16:18:27
E x e c u t i o n t ime = 6 s e
22965, #8 -4 , B,03,FM i
V e r t = 200 counts Bi

Energy Counts XrR

1.26 308. Mg \

1.74 1573. Si I

3.69 - 263. Ca \

<<*

\<x

(o,

H
6.40 207. Fe K*

n '

1 1 '
r
I

1» f I i

1 1 U

;

c o n d s '.
; ;

 j P r e s e t = Off
sp = 1 : E 1 apsed =
a y L ines • . - . • ' I l l

j ; : rl

i, Mg.

ir Si ;
I

i, Ca

.

i / Fe

Quant ex >m \ \\ \

i
K*2 , Mg Kp, '

1 ! ;

; i

*

K<x2i
i :
I ;
i •

!
i

i

i
j

• i

. 1

i
1 \ ;

j ;

i :
i i
i ;

! A\ \ jl
11 12 1 3 i 1 4 ! J5 16

4- 0.160 Range= : 10 .230 ! keV
: ! -Int

•Ti

i
;
;

j

;
i i

,
i
•

;

17

, e g r a 1 0

!

41 s e e s

..

j

i . ;

! -

i

! • ••
i . '

i ;

; 1

i i '•

! ''.

' 1.

1

J

n
WJkjlA,

8 1 9
10.230 -

1:143
-¥•
.3



26-Dec-1991 16:26:23
Execution time = 7 seconds
22965,#3-4,3,04,FM
Vert= 200 counts Disp= 1

Energy L Counts X-Ray Lines

1.26 J 660. Mg Ko^, Mg K*2, Mg

1.75 2716. Si K*!, Si K*

3.70 486. Ca Ko< l r Ca Koc2

6.40 377. Fe Kon, Fe K*2

P r e s e t =
El apsec

Off

11 12
0.160

1 3
Range .230 keV

16 17 18

Integral 0

53 sees

1 9
10.230 -^

17466



26-Dec-1991 16:30:32
Execution time = 7 seconds
22965, tt8-4,B, 05, FI1
Vert22 200 counts Disp= 1

Energy Counts X-Ray Lines

Si K

Ca K

Ca K

Fe K

Preset* Off
Elapsed=

1.

1.

3.

4.

6.

26

75

70

03

40

739.

2578.

733.

111.

217.

fig

Si

Ca

Ca

Fe

K

K

K

K

K

'

i

t

i

21 sees

Quantex)
0.160 Range= 10.230 keV

26-Dec-1991 16:35:34
Execution time = 7 seconds
22965, W8-4/ B,07,Ff1
Vert= 500 counts Disp= 1

Energy Counts X-Ray Lines

1.

1.

1.

3.

3.

6.

7.

02

27

75

32

69

41

06

196.

1171.

6372.

140.

429.

1502.

196.

Na
Zn

fig

Si

K

Ca

Fe

Fe

K
L

K

K

K

K

K

K

, Na
, Zn

» Hg

, Si

, K

, Ca

» Fe

, Fe

K
L

K

K

K

K

K

K

Integral 0 =
10.230

10364

Preset= Off
Elapsed= 31 sees

Na K

fig K

Zn L Zn L

Quantex)
0.160 Range= 10.230 keV

Integral 0
10.230

24884



26-Dec-1991 16:39:54
Execution time = 7 seconds
22965,«8-4, B,08,FM
Vert= 500 counts Disp= 1

Energy Counts X-Ray Lines

Preset* Off
Elapsed* 30 sees

1.
1.

3.

3.

4.

6.

7.

26

75

32

70

03

41

05

2051.

7131.

200.

1251.

167.

1017.

117.

Mg

Si

K

Ca

Ca

Fe

Fe

K

K

K

K

K

K

K

•

i

i

i

,

,

,

fig K , Mg K

Si K

K K

Ca K

Ca K

Fe K

Fe K

Guantex)
0.160 Range* 10.230 keV

26-Dec-1991 16:54:43
Execution time = 6 seconds
22965,H8~4( B,12,FM
Vert= 500 counts Disp= 1

Energy Counts X-Ray Lines

1.01 108. Na K , Na K
Zn L

Integral 0 =
10.230

26266

Preset* Off
Elapsed* 36 sees

Zn L Zn L Zn L

1.

1.

3.

3.

6.

7.

26

75

32

70

41

08

1489.

5348.

191.

735.

759.

111.

Mg

Si

K

Ca

Fe

Fe

K

K

K

K

K

K

»

i

»

i

i

Mg K , Mg K

Si K

K K

Ca K

Fe K

Fe K
Quantex)

0.160 Range: 10.230 keV
Integral 0 *

10.230
22972



26-Dec-1991 17:06:29
Execution time = 6 seconds
28965, ttST-l, B, 17, FM Preset= Off
Vert= 1000 counts Disp55 1 Elapsed= 29 sees

Energy Counts X-Ray Lines

llg K , Mg K

Si K

K K

Ca K

Ca K , Ca K

Fe K

Fe K

Quantex)
0.160 Range= 10.230 keV 10.230

Integral 0 = 34537

1.26

1.75

3.34

3.71

4.04

6.41

7.05

2502.

9190.

140.

2428.

229.

577.

83.

Mg

Si

K

Ca

Sc

Fe

Fe

K ,

K ,

K ,

K ,

K ,

K ,

K ,



26-Dec-1991 17 a 17:48 22965,H8-4

ENERGY COUNTS X-RAY LINES

1.01

1.26

1.75

3.32

3.70

4.02

4.51

6.41

7,. 07

269.

3049.

13347.

422.

929.

86.

149.

2653.

329.

Na KA1, Na KA2, Zn LAI, Zn L.A2, Zn LB1, Zn LG1

llg KA1, llg KA2, llg KB1

Si Kfll, Si KA2

K KA1, K KA2

Ca KA1, Ca KA2

Ca KB1, Ca KB3

Ti KA1, Ti KA2

Fe KA1, Fe KA2

Fe KB1, Ke KB3



, #2-V, .0; 2.1,

1.03 232. Na Kfll, Na Kft2, Na KB1, Zn Lfll, Zn LPI2, Zn LB1,
Zn LG1

1.26

1.75

3.32

3 . 70

4,. 03

4,. 52

6.. 41

7.. 06

2958. Mg KA1, Mg KA2, Mg KB1

11820. Si KA1, Si Kfl2

568. K Kfll, K Kft2

1426. Ca KA1, Ca KA2

219. Ca KB1, Ca KB3

133. Ti Kftl, Ti Kft2

1945. Fe Kfll, Fe Kfl2

236. Fe KB1, Fe KB3

26-Dec-1991 17:44:55
Execution time = 7 seconds
22965, H8-4, B,34,FM
Vert= 200 counts Disp55 1

Energy Counts X-Ray Lines

1.26 841. Mg K , Hg

1.75 3531. Si K , Si

3.31 219. K K , K

3.69 338. Ca K , Ca

6.42 505. Fe K , Fe

K

K

K

K

K

Preset= off
Elapsed= 38 sees

Mg K

Guantex>
0.160 Range= 10.230 keV 10.230

Integral 0 = 16144



26-Dec-1991 17:53:50
Execution time = 6 seconds
22965, **8~4, B, 41, FM Preset= Off
Vert35 500 counts Disp= 1 Elapsed- 27 sees

Energy Counts X-Ray Lines

1.26 1074. Mg K , Mc| K , Mg K

11.75 3696. Si K , Si K

3.70 834. Ca K , Ca K

4.06 113. Sc K , Sc K

6.41 299. Fe K , Fe K

Quantex)
0.160 Range= 10.230 keV 10.230

Integral 0 = 14682
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iMS Lab No.

Sample No.

i Oo AN/\L\
-3-9

y GRID

Ia a

MICROSCOPE
ttXIA I I

«KIH CJ

MUtltil I

111112-. t:l I

il < \HlsUlll

; V,.lupe 100 KV

Hcam Oincnl |u

Grid opening

$&

<

OBSE

Str #
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?>£>
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,
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EDS Analysis
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^
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o

0
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^ Y

^
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'
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M
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^t^4T^-r; TKrrrd&t

tvstf- ?-7 r TiWitJ &^
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27-Dec-1991 13:49:53
Execution time = 6 seconds
22965,SW-8-4,C,02,KK
Vert= 800 counts Disp= 1

Energy Counts X-Ray Lines

1.75 £70. Si K Si K

Preset* Off
Elapsed= sees

Quantex)
0. 160 Range= 10.230 keV

Integral 0 =
10.230

5807
S7-Dec-1991 13:51:28
Execution time = 6 seconds
22965,SU-8-4,C,03,KK
Vert* 200 counts Disp= 1

Energy Counts X-Ray Lines

1.26 550. Mg K , Mg K , Mg K

1.75 1725. Si K , Si K

3.31 77. K K , K K

3.71 220. Ca K , Ca K

6.41 237. Fe K , Fe K

Preset* Off
Elapsed- 23 sees

Quantex)
0. 160 Range* 10.230 keU

Integral 0 *
10.230

8956



27-Dec-1991 13:56:11
Execution time = 7 seconds
28965,SW-8-4,C,05,KK
Vert- 200 counts Disp= 1

Energy Counts X-Ray Lines

1.25 304. Mg K , Mg K , Mg K

1.74 1044. Si K , Si K

3.71 146. Ca K , Ca K

6.41 169. Fe K , Fe K

Preset= Off
Elapsed= 26 sees

Quantex>
0. 160 Range= 10.230 keV

27-Dec-1991 14:02:36
Execution time = 6 seconds
22965,SW-8-4,C,07,KK
Vert= 200 counts Disp= 1

Energy Counts X—Ray Lines

Integral 0 =
10.230

6425

Preset= Off
Elapsecl = 16 sees

1.

1.

3.

3.

6.

26

74

32

69

42

469.

1668.

74.

241.

241.

Mg

Si

K

Ca

Fe

K

K

K

K

K

, Mg

* Si

, K

, Ca

, Fe

K

K

K

K

K

Mg K

Guantex>
0.160 Range= 10.230 keV

Integral 0 =
10.230

6984



27-Dec-1991 14:05:37
Execution time = 6 seconds
22965,SW-8-4,C,08,KK
Vert= 200 counts Disp= 1

Energy Counts X-Ray Lines

Preset= Off
Elapsed= 25 sees

1.26 664. Mg K ,

1.75 2597. Si K ,

3.70 632. Ca K ,

4.03 83. Ca K ,

6.43 189. Fe K ,

Quantex)
0. 160 Range= 10.

27-Dec-1991 14:15:37

Mg K , Mg K

Si K

Ca K

Ca K

Fe K

230 keV 10.230
Integral 0 = 12157

Execution time = 6 seconds
22965, SU-8-4,C, 11, KK
Vert= 200 counts Disp=

Energy Counts X-Ray

1.01 67. Na K ,
Zn L

1.26 637. Mg K ,

1.75 2064. Si K ,

3.32 134. K K ,

3.69 259. Ca K ,

6.41 167. Fe K ,

Preset= Off
1 Elapsed- 22 sees

Lines

Na K , Zn L , Zn L , Zn L ,

Mg K , Mg K

Si K

K K

Ca K

Fe K

Quantex)
0.160 Range: 10.230 keV

Integral 0 =
10.230

8741



27-Dec-1991 14:17:58
Execution time = 6 seconds
22965,SW--8-4,C,12,KK
Vert= 200 counts Disp= 1

Energy Counts X-Ra/ Lines

1.27 238. tig K , fig K , tig K

1.74 1017. Si K , Si K

3.69 152. Ca K , Ca K

6.39 132. Fe K , Fe K

preset" Off
Elapsed= 23 sees

Quantex)
0. 160 Range= 10.230 keV

a7-Dec-1991 14:28:53
Execution time = 6 seconds
22965,SW-8-4,C,15,KK
Vert= 200 counts Disp= 1

Energy Counts X-Ray Lines

1.

1.

3.

3.

6.

27

75

33

71

37

290.

1248.

92.

151.

136.

rig

Si

K

Ca

Fe

K

K

K

K

K

, tig
, Si

, K

, Ca

» Fe

K

K

K

K

K

Integral 0 =
10.230

5823

Preset^ Off
Elapsed= 29 sees

tig K

Quantex)
0.160 Range= 10.230 keY

Integral 0 =
10.230

6633



27-Dec-1991 14:32:55
Execution time = 7 seconds
£2965,SW-8-4,C,16,KK
Vert= 200 counts Disp= 1

Energy Counts X-Rax Lines

Preset= off
Elapsed= 17 sees

1.25

1.49

1.76

6.41

200. I1g K , Mg K , Mg K

90. Al K , Al K

435. Si K , Si K

74. Fe K , Fe K

Quantex)
0.160 Range= 10.230 keV

27-Dec-1991 14:36:24
Execution time = 6 seconds
22965,SW-8-4,C,17,KK

200 counts Disp= 1
Energy Counts X-Ray Lines

Si K

K K

Ca K

Fe K

Integral 0 =
10.230

3690

1.

1.

3.

3.

6.

26

75

32

69

42

401.

1636.

87.

133.

161.

Mg

Si

K

Ca

Fe

K

K

K

K

K

i

•>

i

»

i

Preset= Off
Elapsed= 25 sees

Quantex)
0. 160 Range= 10.230 keV

Integral 0 =
10.230

7002



27-Dec-1991 14:41:56
Execution time = 6 seconds
22965,SW-8-4,C,18,KK z
Vert= 200 counts Disp= 1

Energy Counts X-Ray Lines

Preset= Off
Elapsed= 16 sees

1.27

1.76

3.34

3.71

6.42

245.

1097.

72.

182.

127.

Mg K ,

Si K ,

K K ,

Ca K ,

Fe K ,

Quantex>
0. 160 Range= 10

Mg K ,

Si K

K K

Ca K

Fe K

.230 keV

27-Dec-1991 14:48:17
Execution time = 7 seconds
22965, SU-8-4,C, 19, KK
Vert= 500 counts Disp= 1

Energy Counts X-Ray Lines

1.02

1.26

1.74

3.33

5.41

6.41

116.

648.

3615.

90.

72.

1054.

Na K ,
Zn L ,

Mg K ,

Si K ,

K K ,

Cr K ,

Fe K ,

Na K ,
Zn L

Mg K ,

Si K

K K

Cr K

Fe K

11 g K

T,
J. 1

-. • .i

Na K

Mg K

Integral 0 =
10.230 ..

5589

Preset^ Off
Elapsed- 26 sees

Zn L Zn L

Quantex)
0. 160 Range* 10.230 keV

Integral 0 =
1O.230-

13450



27-Dec-1991 14:50:14
Execution time = 6 seconds
22965, SU-8-4,C,eO,KK Preset- Off
Vert= 200 counts Disp= 1 Elapsed= 24 sees

Energy Counts X-Ray Lines

1.26 337. fig K , Mg K , Mg K

1.74 1173. Si K , Si K

3.71 249. Ca K , Ca K

6.41 85. Fe K , Fe K

Quantex>
0.160 Range= 10.230 keV 10.230

Integral 0 = 5503



H7--Dec-1991 14:52:26 22965,SW-8-4,C,21,KK

ENERGY COUNTS X-RflY LINES

1.02 195. Na Kfll, Na KA2, Na KB1, Zn LAI, Zn LA2, Zn LB1,
Zn LG1

1.26

1.75

3.39

4.95

5.41

6.41

7.04

771. llg Kfll, I1g Kfl2

4372. Si Kfll, Si Kfl2

89. K Kfll, K Kfl2

235. V Kfll, V Kft2

86. Cr Kfll, Cr Kfl2

998. Fe Kfll, Fe Kft2

, llg KB1

, V KB1, V KB3

132. Fe KB1, Fe KB3
27-Dec-1991 14:54:29
Execution time = 6 seconds
22965, SW-8-4, C, 23, KK
Vert= 500 counts Disp= 1

Energy Counts X-Ray Lines

1.26 623. I1g K

1.74 2902. Si K

3.33 105. K K

3.70 356. Ca K

6.39 456. Fe K

7.06 56. Fe K

, Mg K , rig K

, Si K

, K K

, Ca K

, Fe K

, Fe K

Preset= Off
Elapsed= 14 sees

Quantex)
0.160 Range= 10.230 keV 10.230

Integral 0 = 9440



27-Dec-1991 14:56:51
Execution time = 6 seconds
22965,SU-8-4,C,24,KK
Vert= 200 counts Disp= 1

Energy Counts X-Ray Lines

Preset= Off
Elapsed= 16 sees

1.

1.

3.

4.

6.

25

74

70

03

43

327.

1108.

319.

58.

67.

tig

Si

Ca

Ca

Fe

K

K

K

K

K

i MB

, Si

, Ca

, Ca

, Fe

K

K

K

K

K

fig K

Guantex >
0.160 Range= 10.230 keV

27-Dec-1991 15:03:49
Execution time = 6 seconds
22965,SW-8-4,C,25,KK
Vert= 200 counts Disp= 1

Energy Counts X-Ray Lines

1.26 268. tig K , Mg K , Mg K

1.74 1263. Si K , Si K

3.70 305. Ca K , Ca K

6.42 86. Fe K , Fe K

10.230
Integral 0 = 4837

Preset= Off
Elapsed= 16 sees

Quantex)
0. 160 Range- 10.230 keV

Integral 0 =
10.230

5231



27-Dec-1991 15:08:27
Execution time = 7 seconds
22965,SW-8-4,C,27,KK
Vert- 200 counts Disp= 1

Energy Counts X-Ray Lines

Preset= Off
Elapsed= 19 sees

1.

1.

3;

3.

6.

27

75

32

70

40

551.

1779.

98.

242.

123.

Mg

Si

K

Ca

Fe

K

K

K

K

K

i Mg

, Si

, K

, Ca

. Fe

K

K

K

K

K

, Mg K

Quantex>
0. 160 Range= 10.230 keV

27-Dec-1991 15:10:35
Execution time = 6 seconds
22965,SW-8-4,C,29,KK
Vert= 200 counts Disp= 1

Energy Counts X-Ray Lines

10.230
Integral 0 = 7024

Preset= Off
Elapsed= 29 sees

1.27 222. Mg K , Mg K , Mg K

1.75 825. Si K , Si K

3.70 173. Ca K , Ca K

6.41 99. Fe K , Fe K

Guantex)
0. 160 Range= 10.230 keV

Integral 0 =
10.230

5842



27-Dec-1991 15:12:50
Execution time = 6 seconds
22965,SW-8-4,C,31,KK Preset* Off
Vert= 200 counts Disp= 1 Elapsed= 15 sees

Energy Counts X-Ray Lines

1.26 408. Mg K , Mg K , tig K

1.75 1601. Si K , Si K

3.32 47. K K , K K

3.71 220. Ca K , Ca K

6.41 215. Fe K , Fre K

Quantex>
0.160 Range= 10.230 keV 10.230

Integral 0 =» 6402



TABLE 3. CLASSIFICATION OF FIBERS WITH TUBULAR MORPHOLOGY

TM - Tubular Morphology not sufficiently characteristic
for classification as chrysotile

CM - Characteristic Chrysotile Morphology

CO • Chrysotile SAED pattern

CQ - Chrysotile composition by Quantitative EDXA

CMQ • Chrysotile Morphology and composition by
Quantitative EOXA

CDQ • Chrysotile SAED pattern and composition by
Quantitative EDXA

NAM - Non-Asbestos Mineral

TABLE 4. CLASSIFICATION OF FIBERS WITHOUT TUBULAR MORPHOLOGY

UF - Unidentified Fiber

AD • Amphibole by random orientation SAED [shows layer
pattern of 0.53 nn spacing)

AX - Amphibole by qualitative EDXA. Spectrum has elemental
components consistent with amphibole

AOX • Amphibole by random orientation SAED and Qualitative
EDXA

AQ • Amphibole by Quantitative EDXA

AZ - Amphibole by one Zone Axis SAED

ADQ - Amphibole by random orientation SAED and Quantitative
EDXA

AZQ - Amphibole by one Zone Axis SAED pattern and Quantitative
EDXA

AZZ • Amphibole by two Zone Axis SAED patterns with consistent
Inter-axial angle

AZZQ - Amphibole by two Zone Axis SAED patterns, consistent
inter-axial ancle and Quantitative EDXA

NAM - Non-Asbestos Mineral


